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2 TRAPS AND VENTS § 46 


2. General Description.—A trap is a device that allows 
the free passage through it of liquids and such solid matter as 
the liquid.may carry, but prevents the passage of air or gas in 
either direction. ‘The simplest form of trap, shown in Fig. 1, 
consists of a downward loop in a horizontal pipe. Whenever 
water is run through the pipe, enough will be retained to fill 
the bend and prevent air or gas at atmospheric pressure from 
passing. Ifthe air has sufficient pressure it may force the water 
down on one side of the bend and up on the other, until the air 
can escape past the bend B, and bubble upwards through the 
water. The difference between the level of the water when 
quiet, as at A, and the point B, is called the seal of the trap. 


3. Fig. 1 shows the principle of the class called round- 
pipe, or Du Bois, traps. The common forms of round-pipe 
traps are shown in Fig. 2. 

The trap in (a) is known as an § trap, and is used chiefly 
under fixtures where the waste pipe descends to the floor. 
A half $ or P trap, shown in (0), is chiefly employed to join 
fixtures to a nearly horizontal waste-pipe branch. The three- 
quarter $ trap in (c) is generally used to join fixtures to a 
Y branch in a soil pipe where the distance between the trap 
and the branch is short. The running trap at (d) can only 
be of service on a nearly horizontal waste pipe; it is often used 
as a bath trap, being placed under the floor. The $ bag trap 
in (f) is employed on a vertical pipe where the inlet and the ~ 
outlet must be in the same straight line. It is not used as 
much as the other forms. 

All traps may be obtained with a vent as shown in (e), 
Fig. 2. In some cases the vent is wiped on. The forms of 
regular traps are shown in Fig. 2. Longer traps may be 
procured from the jobber or manufacturer. All lead traps 
should be of the grade known as extra heavy. The weights 
of the different grades of traps are as follows: 
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The regular traps are made of different weights. The 
standard, or lightest, weight, with diameters of 1}, 14, and 2 
inches, respectively, have weights of lead per running foot of 
15, 24, and 3} pounds, respectively. The special-weight (or 
medium) traps of the size mentioned have weights of lead per 
running foot of 2, 3, and 4 pounds; and the extra-heavy 
traps of like sizes have weights per running foot of 23, 
32, and 43 pounds. The standard-weight traps with sizes 
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of 3, 4, and 43 inches have weights per running foot of 5, 
6, and 8 pounds, respectively, while the extra-heavy traps 
of like sizes have weights of 6, 8, and 10 pounds per run- 
ning foot. 

The extra-long traps of the 14, 13, and 2-inch sizes range 
as follows in weight: For standard weight, the weights per 
running foot are 14, 24, and 3¢ pounds; for special, or medium- 
weight, traps, the weight is 2, 38, and 4 pounds per foot, while 
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the extra-heavy traps weigh 24, 33 and 4} pounds per 
running foot. 


4, In some traps, as in Fig. 3, the end of the discharge 
pipe is submerged in water. Air or gas can pass through this 
trap only when under sufficient pressure to depress the water 
below the end of the tube. 

It should be noted that a much higher pressure will be 
required to force gas from the cup up the tube than in the other 
direction, since the cup is of larger diameter than the tube, and 
contains a larger volume of water. For exam- 
ple, the area of the tube is 1 square inch, that 
of the cup is 4 square inches, and the height 
of AB, or the seal, is 2 inches. To blow air 
down the tube and through the trap requires 
a pressure sufficient to depress the water in 
the tube C 2 inches. As the water falls in 
C it must rise in D; hence, 2 cubic inches of 
water forced out of C will raise the level in D 
2 inch. Consequently, the passage of the air 
is resisted by a water column 22 inches high. 
Now, to force air in the opposite direction, or 
backwards, the water in D must be depressed 
2 inches, or 6 cubic inches of water must be driven into the 
tube C, which, together with the 2 inches already there, will 
fill the tube to a height of 8 inches. Then, the passage of air 
backwards is resisted by a water column 8 inches high, or 
three times as much as in the forward direction. 


5. A bottle trap, shown in Fig. 4, is used under fixtures, 
such as sinks, baths, basins, or wash tubs, but never under 
water closets. The inlet pipe A is attached to the fixture 
and the outlet pipe B joins the waste pipe D, of which the 
part C forms the back-vent. To unseal this form of trap is 
nearly impossible, although some of the seal may be lost by 
siphonage; from this fact it is known as an antisiphon trap. 
The chief objections to it are that filth is liable to accumu- 
late in the bottom of the trap and grease on the top of the water 
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and in the chamber E, and that the water cannot be com- 
pletely renewed every time the fixture is used; in other words, 
this trap is not self-cleansing. 


6. A modification of the trap illustrated in Fig. 4 is shown 
in Fig. 5. This form is more direct than the other, but is more 
easily unsealed. However, it overcomes the danger of drain 
air entering the building through unseen holes in its interior, 
as would occur if the tube A, Fig. 4, were corroded within the 
chamber E. Care must be taken when attaching an overflow 
pipe, for instance, from a wash basin, to any form of a trap, 
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particularly to those of the pot or bottle formation, to have 
the overflow properly sealed. An overflow G is attached to 
the body of the trap in Fig. 4. 

In Fig. 5, the trap receives waste water from the fixture by 
the pipe A; B is the back-vent pipe and C the waste pipe. 
The arrows with feathers show the direction of the natural 
air-currents in the drainage system. 

Bottle traps are also known to the trade as pot traps and 


drum traps. 


7. Traps may be divided into two classes, the self-cleansing 
and non-self-cleansing, the round-pipe trap being an example 
of the former and the bottle, or pot trap, of the latter. . 

In Fig. 6 is shown a round-trap, and in Fig. 7, a bottle trap. 
The traps are shown full of water which, for the present, is 
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supposed to be at rest. The ends a of the traps, or inlet ends, 
are supposed to be connected to the fixtures, and the outlet 
ends b to the waste or drain pipes; 
consequently, the flow of water through 
the traps will be in the direction of the 
arrows. Sewer gas, or drain air, is pre- 
vented from entering the building 
through the pipe a by reason of the 
tongue c of the trap dipping into the 
water. The maximum seal is shown 
in Figs. 6 and 7; the water-line cannot 
be raised without causing a flow of 
water through the trap. 
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8. In order that the water-line ex- 
posed to the drain air may be level with the water-line exposed 
to the atmosphere, the pressures on the two must be equal. 
Otherwise, the difference in the water levels will be sufficient to 
counterbalance the difference in pressures. 

The water seals of the traps in Figs. 6 and 7 are both assumed 
to be 8 inches deep, and the pressure in the pipes b to exceed 
that of the atmosphere to an extent equivalent to that of a 
column of water 5 inches 
high. The effect then 
will be to depress the 
surface of the water in 
the outlet end until the 
surface of the water in 
the inlet pipe is 5 inches 
above it, as shown in 
Figs. 8 and 9. This de- 
pression will produce 
equilibrium, because the 
atmospheric pressure on 
the surface of the water 
in the inlet, plus the 
pressure due to the head of water formed, will equal the pressure 
of the drain air on the surface of the water in the outlet end. 
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Since the sectional area of the round-pipe trap is uniform, 
it follows that the loss of seal in the trap, Fig. 6, due to back 
pressure, is 5+2=23 inches, showing 
that only 3—24= inch of a seal re- 
mains to keep back the drain air, as 
may be seen in Fig. 8. 

The loss of seal in the bottle trap, 
Fig. 7, is not so great, even though the 
same head of water has been formed 
in the inlet pipe, as shown in Fig. 9. 
This is due to the fact that the sec- 
tional area of the pot is greater than 
that of the inlet tube, and, of course, 
in a given length of the pot, a greater 
quantity of water is contained than in 
the same length of the inlet tube; con- 
sequently, a much higher column of water must be formed in the 
inlet tube before the seal can become as low as that in Fig. 8. 

If the sectional area of the pot of the trap, Figs. 7 and 9, 
is 20 square inches, then 20*3=60 cubic inches of water must 
be forced into the inlet tube before drain air can pass through 
the trap. If the sectional area of the inlet pipe is 4 square 
inches, the height of the , 
column above the tongue iE 
must be 3+4%2= 18 inches, 
before the seal of the trap 
is forced. A back pres- 
sure of about .7 pound per 
square inch will be re- 
quired to accomplish this 
result. 

For this reason, to re- 
sist back pressure, traps 
of the pot design should 
be used in preference to 
the round-pipe forms; but, 
where there is little danger of back pressure, the round-pipe 
trap is preferable, because it is self-cleansing. 
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9. In Fig. 10 is shown a ball trap, in which a trap is com- 
bined with a- check-valve. The ball valve c prevents the 
return of either liquid or gas, and the liquid around the ball 
keeps the seat gas-tight. The weight of the ball is but slightly 
greater than that of the water displaced, so that a very slight 
head of water in B will raise the ball. This trap is par- 
ticularly suitable for clean-water fixtures, such as basins or 
baths, which are liable 
to remain unused a suf- 
ficient length of time to 
permit the water in the 
trap to become evap- 
orated and its seal con- 
sequently lost. In such 
a case the ball will form 
a nearly gas-tight joint 
with its seat and prevent 
the passage of drain air 
to the building. This 
trap and all others having the waterway restricted by mechan- 
ical appliances, such as check-valves, are liable to chokage by 
the accumulation of hair, small pieces of rags, sponges, and 
even matches. 

The position of the ball when water passes through the trap is 
shownby dottedlines. Itcannotenter the trap outlet pipe, asthe 
space between the lip a and the handhole cover D is too small. 
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10. A bell trap is shown in Fig. 11 (a). In it the seal is 
formed by the bell a suspended from the strainer 6 and dip- 
ping into a small pool of water formed by the waste outlet ¢ 
projecting into the trap casting. The chief objections to the 
bell trap are: (1) It soon becomes choked by sediment lodging 
in the bottom, which cannot be removed without lifting off 
the bell and, for the time being, permitting open com- 
munication between the drains and the building. (2) It 
is easily siphoned. (3) The seal quickly evaporates if the 
trap is not used. In fact, the bell trap has no redeeming 
features and should be abolished in house-drainage systems. 
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The bell trap should only be used in conjunction with a 
leader trap or a trap such as is shown in Fig. 11 (b). If there 
is plenty of depth fora floor drain, a good type to use is shown 
in (¢). A back-water valve is combined with this drain. 


11. The requirements of a good trap are: It shall entirely 
and effectually prevent the passage of any air or gas from the 
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waste pipe into the house; it shall be so constructed that it can 
be readily cleaned; it shall clean itself on all ordinary occasions. 
Round-pipe traps usually have the same diameter through- 
out and freely pass nearly everything that can get into them; 
but they are very liable to become useless through the removal, 
by siphonage or evaporation, of the water that seals them. 
_ The bottle trap can seldom be emptied or its security 
impaired by siphonage, and, as it contains a large volume of 
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water, it will withstand evaporation longer than other traps. 
It will clog easier than a round-pipe trap, but is quite as easily 
cleaned when the screw plug, which is provided for that pur- 
pose, isremoved. The same depth of seal forms a more effec- 
tual barrier against the back flow of gas in a bottle trap than 
in a round-pipe trap. 

The ball trap shown in Fig. 10 cannot be easily emptied by 
siphonage. When the water evaporates from it, the slime 
that coats the interior of the trap will cement the ball to its 
seat and make a joint that will be practically gas-tight, pro- 
vided that the seat is free from shreds of cloth, hair, etc. The 
usefulness of the ball is very apt to be destroyed by refuse, 
in which case it is worse than an ordinary trap. 

Traps for outdoor service, to receive surface water from 
courts, areas, roofs, etc., should have a deep seal, from 8 inches 
to 1 foot, according to the warmth and length of the dry seasons. 

Check-valves should not be used in place of traps, because 
they are very liable to be prevented from closing properly by 
the lodgment of refuse, such as strings, rags, paper, etc., - 
between the valve and its seat. 

All traps should have a cleaning hole. The screw plug that 
is used to close the hole should be of such shape and size that 
a wrench can be applied to it firmly and safely. The plug 
should be so placed that it will be easily opened in case of a 
stoppage in the trap. The thickness of lead traps should 
correspond to that of the pipes they join, and brass traps 
should be of equal thickness with the walls of iron pipe. When 
brass pipe is used to connect a trap to a drainage system, it 
should be of iron-pipe size and the threads should be the 
same as for iron pipes. 


12. Bath Traps.—Traps for bathtubs are generally made 
of lead and located below the floor of the room in which the 
tub is situated. Because round-pipe traps are self-cleansing, 
their use for bathtubs is required by some plumbing ordi- 
nances, which also prohibit the use of drum traps, because their 
unscoured parts will become foul from the accumulation of 
slime. Laws of other cities require, on the contrary, that drum 
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traps be used under bathtubs because they contain a large body 
of water and a deep seal, and prohibit the use of round-pipe 
traps because of their liability of loss of seal by evaporation. 
Hence, the plumber must 
be governed by the re- 
quirements of the plumb- 
ing laws of the city in which 
the work is to be done. 


13. Fig. 12 shows a 
round-pipe trap for a bath- 
tub waste pipe located be- 
tween the bathroom floor 
and the ceiling below. 
When a closet or pantry 
is located below the bathroom, the clean-out screw a of the 
trap b may be allowed to project through the ceiling, as shown 
in the illustration. The trap may thus be cleaned without 
disturbing the floor or ceiling, on removal of the trap screw. 


14. Drum traps may be obtained from dealers in plumbers’ 
supplies, or may be made by the plumber on the job. Fig. 13 
shows a drum trap made from a piece of 4-inch drawn lead 
pipe a, which forms the body of the trap. The bottom is 
formed by beating the end over in the form of a dome and sol- 
dering it water-tight. The inlet pipe b joins the body near the 
bottom, and the waste 
pipe c is connected 
near the top, thus 
leaving a body of 
water about 3 or 4 
inches deep to form 
P, the seal of the trap. 
> When set in place, 
the top of a drum 
trap for a bathtub is 
allowed to project through the bathroom floor, where it connects 
to the sleeve of a clean-out screw d by means of a wiped 
flange joint. The clean-out screw should be the full size of the 
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body of the trap and should have an extension flange to cover 
the space between the trap and the edge of the floor and should 
be accessible. 

The waste pipe is vented by the back-vent pipe e. The 
space between the ceiling and flooring in which to run the 
waste and vent pipes from a bath trap is usually 10 inches. 
The pipe should be kept as low as possible, so that the vent 
pipe will have a good pitch down toward the trap to drain any 
water that may back up in it when the tub is being emptied. 
A perfect pitch for the bath waste can be had by making the 
proper connection to the soil pipe. 

The connections for the bath and basin should be entirely 
separate from the connection for the water closet. To make 
these connections properly, a double Y¥ is most generally used 
and placed below the closet outlet. This gives separate con- 
nections for the bath and basin wastes. 

There are many advantages to be gained by connections 
of this character in so far as liability to blockage and leakage 
are concerned, and there is a decided advantage in that it 
gives plenty of room between the floor and ceiling for making 
a proper vent connection. It has been found that no matter 
how good the workmanship may be, the old way of branch- 
ing a bath or basin waste into a lead bend is not the proper 
way of making these connections. Experience has taught 
that after a certain length of time the lead bend around the 
wiped joint will deteriorate and rot away, and in some cases 
the waste pipe breaks entirely away from the lead bend, thus 
compelling a new installation of all of the lead work. To do 
this it is necessary to remove the fixtures, tear up the floors, 
and disfigure in general the whole bathroom. This is a most 
unsatisfactory method both for the owner and the plumber 
and would not be necessary if separate connections were used. 


15. Closet Traps.—Traps for all forms of water closets, 
except siphon-jet water closets, should be from 34 to 4 inches 
in diameter. This size is necessary to prevent frequent chok- 
age during rough usage. Siphon-jet closet traps should pref- 
erably have the same diameter, but owing to the difficulty 
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of producing siphonic action through large traps with an ordi- 
nary flush of water, these water closets are usually made with 
traps so constructed that a 2-inch ball will scarcely pass through 
them. ‘These traps frequently have an elliptic cross-section. 


16. Slop-Sink Traps.—Traps for slop sinks are usually 
made of porcelain-lined iron, or solid porcelain, and are located 
above the floor, where they serve as a pedestal on which to 
rest the sink. They are usually 3 inches in diameter. Check- 
valves or mechanical traps of any kind should never be used for 
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water closets or slop sinks; they would only offer lodging places 
for the foul matter discharged into the fixtures, which tends to 
choke such traps. 


17. Basin Traps.—On the better classes of work, basin 
traps made of cast brass, and either polished and lacquered 
or nickel-plated, are generally used. Fig. 14 shows.a brass 
one-half $ trap a with an offset b for basin connection that 
can be lowered or raised to suit variations in the height of 
the basin waste outlet, due to inaccuracies in roughing in. The 
offset may also be swung to the right or left when the outlet 
to the basin is not on a line with the waste outlet c in the wall. 
The offset is made tight in the trap, at d, by means of a ring 
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packing compressed by the union so as to form a water- and 
gas-tight joint: The coupling e is used to connect the trap 
to the waste spud in a basin. An escutcheon plate covers the 
opening in the wall through which the waste pipe extends. 


18. Screwed joints connect the horizontal waste pipe to the 
trap and to the T piece, as shown by dotted lines. Gasket or slip 
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joints should not be used here; they may be employed, however, 
on the house side of the trap seal. The use of screwed joints 
insures permanently gas-tight joints on the sewer side of the trap. 

A great variety of patent basin traps is on the market: 
but the simple adjustable trap shown in Fig. 14 is quite 
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sanitary, provided that the waste pipe is properly back-vented. 
Basin traps, generally, are furnished as parts of basin com- 
binations sold complete by the supply houses. 


19. Examples of Modern Commercial Fixture Traps. 
For the better classes of work, fixture traps are generally made 
of brass and are polished or nickel-plated. They are made in 
a variety of patterns, some of which are one-half $ traps and 
finish at the wall, while others are of the full S pattern and 
waste through the floor. A type of wall trap is shown in 
Fig. 15 (a). The vent is located back of the wall, so that no 
vent pipe is exposed. A clean-out screw a makes accessible 
the inside of the nearly horizontal pipe back to the waste and 
vent stack b; the clean-out screw c serves to empty the water 
from the seal of the trap and permits the removal of any solid 
matter that might lodge therein. 

In Fig. 15 (6) is shown a one-half $ trap with an exposed 
back-vent pipe; the trap and pipe extend to the wall, where 
they finish with escutcheons a anda’. A similar trap is shown 
in view (c), which illustration shows a full $ trap that wastes 
through the floor into a and is vented through the wall into b. 


20. Within recent years, many cities have modified the 
clause relating to traps in their Plumbing Rules and Regula- 
tions, so that approved antisiphon traps can be used without 
being back-vented. Some of the principal antisiphon traps on 
the market are shown in Fig. 16. 

Fig. 16 (a) shows a centrifugal trap. It is supposed to be 
both antisiphon and self-cleansing. The cleansing is accom- 
plished by a rotary motion given the inflowing waste water, 
by the tangent connection of the inlet to the body of the trap. 
The centrifugal force of the flowing water carries the heavier 
particles of foreign matter to the outer walls of the trap, where, 
after scouring the inner surface, they finally escape with the 
water through the trap outlet. 

The Bower trap, view (b), is not only an antisiphon trap, 
but also contains a back-pressure valve in the form of a rubber 
ball. This ball prevents the seal of the trap being forced by 
back pressure. 
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In (c) is shown an antisiphon trap known as the Sure Seal 
trap. An inner tube arises inside the body of the trap, as 
shown by the dotted lines, flanges being allowed to project 
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into the waterway at a and b to give the water a zigzag motion. 

The Samitas trap, shown in (d), is one of the first antisiphon 
traps that was placed on the market. Its ability to resist 
siphonic action depends on an enlarged chamber a at the side, 
and a partition inside to deflect the water from the trap out- 
let. Like other types of antisiphon trap, it is made in $ and 
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half $ patterns, and may be had in rough brass, polished brass, 
nickel-plated brass, or lead. 

In (e) is shown a Bennor globe trap of the half § pattern. 
This type of trap, like the Bower trap, contains a ball to seal 
the pipes against back pressure. 

The Bennor bath trap, shown in (f), is designed especially 
for bathtub waste pipes. The brass body is left rough, because 
the trap is set under the bathroom floor, and therefore is not 
exposed to view. The flange and screw-cap on top are finished 
in nickel plate, because they are set flush with the floor and hence 


TABLE I 
SIZES OF FIXTURE TRAPS 


Kind of Fixture sie a Kind of Fixture ee 
Water closet..... 3 to 4 Bavatubies Iz to2 
plop eink: 5.0.5. 3 Shower bath..... 15 to2 
Ditiiahees see .| © Fat 2 Seat Datla. cis’... 1% to 13 
Wash basin...... 14 Foot-bath.......| 1% to14 
Laundty tubs :..-|_- 13 to-2 Dideu.er. toe Ss 1% to 14 
Kitchen sink..... 14 to 2 ; 


show. The inlet a connects with the bath, and the outlet b 
with the waste pipe. A ball that is heavier than water may be 
placed inside the trap to close the inlet opening against back 
pressure. 


21. Sizes of Fixture Traps.—Traps for fixtures should 
correspond in size to the waste pipes with which they connect 
and should be set true with respect to their water seals. Table I 
gives sizes of traps for different kinds of fixtures. 


22. Safe-Waste Traps.—Among the points to be con- 
sidered in arranging safes, the most important, because it affects 
the health of the occupants of the house, is the method of dis- 
posing of the waste water from the safe. While sanitary science 
was in its infancy, and before plumbing rules and regulations 
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were originated, safe-waste pipes were often connected to 
soil, waste, and drain pipes, either directly or by means of 
a trap placed on the pipe between the safe and its connection 
to the drainage system. This very dangerous method of dis- 
posing of the safe water is today strictly forbidden in plumbing 
ordinances. The trap rapidly loses its seal by evaporation 
and the drain gases then freely escape into the building. Safe- 
waste pipes should discharge over and into a water-supplied 
fixture in the basement, or openly to the atmosphere at some 
convenient place, and a swing check-valve should be placed 
over the outlet of the safe-waste pipe. 


23. Refrigerator Traps.—The plumbing rules and regu- 
lations of the different cities vary somewhat in the require- 
ments for trapping refrigerators, because the conditions differ 
with the localities. Generally, however, the safe wastes from 
refrigerators are required to discharge over and into an open 
pan, or water-supplied sink in the basement, and, for easy 
access, to be set no higher than 3 feet 6 inches above the cellar 
floor. 

Each portable refrigerator should be trapped underneath 
to prevent the escape of cold air through the waste pipe, and 
the consequent waste of the ice. This trap is then located over 
a funnel-mouthed waste pipe or a safe on the floor. The waste 
pipe from the funnel or safe should have a trap, usually 14 inches 
in diameter, set close to the floor. The waste pipe from this trap 
is run as straight as possible to a water-supplied sink, into which 
it discharges through a light swing flap valve over the outlet 
opening. As sawdust and slime will accumulate in refriger- 
ator pipes and traps, clean-out screw-caps for cleaning-out 
purposes must be attached to them at all changes in direction. 


24. Trap Screws.—All fixture traps, water closets 
excepted, should be furnished with trap screws, for convenience 
in cleaning. They should be located below the water seal so 
that in case they are not perfectly gas- and water-tight the 
leakage of water will give notice that something is wrong. 
Clean-out screws should also be placed in the end of all horizontal 
runs of pipe to fixtures, and should be located at suitable 
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intervals in waste pipes from kitchen sinks or other fixtures into 
which large quantities of greasy water are discharged. 

A clean-out screw should be placed in lead or iron vent pipes, 
within 6 inches of fixture traps, in such a position that the junc- 
tion of the vent with the waste pipe may be examined and 
obstructions dislodged. This practice is of more importance 
in connection with the waste pipe from a kitchen-sink trap 
than with the waste pipes from other fixture traps, because 


sink waste pipes are especially liable to become choked, chiefly 
by grease. 

In Fig. 17 a clean-out screw a is shown wiped to a lead back- 
vent pipe. Should the waste pipe b or the vent pipe c become 
choked, a wire or a bamboo rod can be introduced through the 
clean-out opening to remove the obstruction. ‘The clean-out 
screw also provides an opening through which the junction 
of the vent pipe with the waste pipe can be examined to see 
whether the opening has become clogged with grease. 

Clean-out screws with ground joints, that is, those that 
are made tight by an intimate metal-to-metal contact, should 
be used in preference to those that depend on a gasket for a 
tight joint, since the gasket will rot in time. 
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GREASE TRAPS 


25. Grease proves very troublesome in a house-drainage 
system on account of its tendency to choke the pipes. While 
accompanied by hot water the grease is liquid and readily runs 
out of the sink; but it solidifies and adheres to the cold surface 
of the waste or drain pipe, reducing its area and eventually 
choking it. Hence, it is advisable to provide means that pre- 
vent the grease entering the waste pipes. In practice the 
devices adopted are known as greuse intercepters, and also as 
grease traps. 

Grease traps are divided into two general classes; namely, 
those in which the grease is reduced in temperature until it 
reaches the point of solidification, by the transmission of heat 
from the trap to the atmosphere surrounding it; and those 
in which heat is transmitted from the 
grease and water in the trap to a colder 
body of water in contact with it, such, 
for instance, as a water-jacket around 
the space containing the grease and hot 
water. The first class may be called 
air-cooled grease traps, and the second 
class, water-cooled grease traps. 


26. Air-Cooled Grease Traps. 
A form of air-cooled grease trap is 
shown in Fig. 18, where a is a fresh-air inlet, b is the pipe lead- 
ing to the drain, and c is the waste pipe from the sink. The 
cover d should be large enough to readily permit the cleaning 
of the inside of the trap, and should be secured in position. 
The grease having a density less than that of water, accumulates 
in a layer at e, and if allowed to become cold, solidifies into a 
cake that can easily be removed. 

This form of grease trap is mostly used for intercepting 
grease from kitchen sinks in large country buildings. As the 
trap must be large in order to prevent the grease from entering 
the outlet b, it is usually placed underground as near the sink 
as possible. 
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27. Fig. 19 illustrates a slightly different form of an air- 
cooled grease trap. Water and grease, along with all other 
matter discharged from the sink, enter the trap a through the 
inlet pipe b. Solid matter, whose specific gravity is greater 
than that of water, will settle in the bottom of the trap, while 
the solids having a lower specific gravity, grease for instance, 
will rise to the top, and the water will pass through and out of 
the trap, as shown by the arrows. To prevent a direct and 
rapidly flowing current between the inlet b and outlet c, a par- 
tition is placed between them, as shown at e. Accumulations 
of grease and other matter can be removed through the large 
screw-cap d. The pipe f projecting down into the trap pre- 
vents grease from en- 
tering the waste pipe c; 
a re-vent pipe is shown 
at g. 


28. The solidifica- 
tion of the grease in an 
air-cooled trap depends 
on the rate of the trans- 
mission of heat from the 
trap body to the atmos- 
phere surrounding it. This transmission will be very slow, 
because the air absorbs the heat very slowly, and, of course, it 
will take the trap a long time to cool down. The slow trans- 
mission of heat from the water in the trap to the air is due to 
two causes, which are peculiar to air. The first cause is 
that the layer of air in actual contact with the outer surface 
of the trap does not move away quickly enough to allow the 
cold air to be brought rapidly in contact with the trap; 
and, as air is a very bad conductor of heat, this layer, or film, 
of warm air that moves slowly over the hot surface of the trap 
does not permit the heat to be conducted through its body to 
the cold air around it. The second cause is that the specific 
heat of air is very low, being .23751 that of water; consequently, 
a very large volume of air must travel over the surface of the 
trap and absorb the heat. Under ordinary circumstances, 
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the traps shown in Figs. 18 and 19 will not accumulate a great 
quantity of grease by solidification while the grease is passing 
through the body of the trap; the trap will, however, allow the 
grease, which is lighter than the water, to rise to the top and 
remain there in a liquid state until the trap has time to cool off. 
For this purpose, the trap body must be large, so that the 
velocity of flow of the liquid matter through it will be low. 
If the flow is too rapid, the grease will simply pass out with 
the water. 

If a large volume of hot water flows through the trap at one > 
discharge, liquid grease is liable to be carried into the drainage 
system. 


29. Water-Cooled Grease Traps.—Fig. 20 illustrates 
the construction of one form of a water-cooled grease trap, 
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known also as a chilling trap. In this figure, b is the waste 
pipe from the sink, d is the pipe leading to the drain, f is the 
vent pipe, and k is a local vent, or air-relief, pipe. The con- 
tents of the trap are chilled by means of cold water circulating 
through the jacket a. Commonly, the cold-water supply to 
the kitchen boiler is used for this purpose, the water entering 
the trap through h and passing to the boiler through 7. The 
grease chills into a cake at g and is removed by opening the 
cover 7. A trap screw e gives access to the trap outlet; a pet- 
cock J is used for draining the water-jacket. 

The separation of the grease will be more perfect in this 
trap than in the one shown in Fig. 18, because the layer of 
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grease is not disturbed by the water entering or leaving the trap. 
In Fig. 18, the entering water passes through the layer of grease 
and is liable to carry some of it along into the waste pipe. 


30. Fig. 21 shows a water-cooled trap connected to a 
kitchen sink. The trap a is encircled by a cold-water jacket 
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connected up to a kitchen sink and the water-supply system. 
Its construction is similar to that shown in Fig. 20, b being the 
inlet pipe and c the outlet. The internal surface of the trap 
can be cleaned and the grease removed by unscrewing the brass 
cap p; a similar screw-cap gives access to the outlet pipe c. 
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The cold-water supply pipe m, which furnishes water from 
the street mains, or other source of supply, connects to the 
bottom of the water-jacket and leaves it at the top, as shown 
at n, before it supplies the boiler by the pipe g, so that if hot 
water is drawn from any faucet in the building, a correspond- 
ing quantity of cold water will pass through the water-jacket 
and act as a cooling medium for the trap. If water for drink- 
ing purposes should be drawn from the sink faucet 7, prob- 
ably its supply would be better taken direct from the pipe m, 
instead of from n, as shown. As the trap is connected up 
in the figure, all water drawn from the hot-water faucet ¢ or 
cold-water faucet 7, or which flows through the hot-water pipe s 
and cold-water pipe g, must first pass around the grease and 
water in a, and thereby rapidly cool off the contents, allow- 
ing the grease in a to solidify quickly and accumulate on the 
surface, as at e. 

Water-cooled traps may be made smaller than air-cooled traps, 
because the water in the jacket absorbs heat from the water in 
the trap more rapidly, and the grease chills quicker. This action 
reduces the liability of grease passing into the drain pipes. 


LOSS OF SEAL IN TRAPS 


31. Formation of Vacuum and Plenum.—A vacuum, 
in the strict sense of the term, is a space void of matter and 
consequently void of pressure. Custom, however, has broad- 
ened the application of the term, so that it is generally under- 
stood to mean the condition existing in a space having a lower 
pressure’ than that of the surrounding atmosphere. More 
correctly, this condition should be called a partial vacuum, 
to distinguish it from a perfect vacuum. The latter cannot 
exist in nature, because all matter cannot be removed from a 
given space; the nearest approach to a perfect vacuum is found, 
in practice, above the mercury in a high-grade barometer. 

The term plenum refers to the condition existing in a space 
having a pressure greater than that of the atmosphere; in 
other words, it denotes the fact that a pressure above that of 
the atmosphere exists in a given space. 
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32. While the customary assumption that there is no pres- 
sure on the walls of the drain pipes is usually correct, under 
certain conditions a partial vacuum or a plenum may exist 
in a drainage system, or both a vacuum and a plenum may exist 
at the same time in different parts of a given system. When 
all the fluid matter within the system is at rest and the system 
is open to the atmosphere at one or more points, the pressure 
within the system is precisely equal to that of the atmosphere 
around it; but when 
fluids are in motion, the 
pressure in the several 
parts of the system will 
vary, being greater than 
that of the atmosphere 
in some parts and less 
in others. This varia- 
tion will be particularly 
noticeable if a large 
volume of water flows 
through small pipes. 


33. To illustrate 
how a vacuum and a 
plenum can be formed 
in a drainage system, 
and how both can exist 
therein at the same time, ; 
consider a single appa- 
ratus like that shown in 
Fig. 22. The vessels a 
and b are filled with 
water, the cock c being closed. The traps d, e, and f are also 
filled with water, and the mouth of the pipe g is closed air-tight 
with arubber stopper. The ends of the other tubes are all open. 
The cock c is now opened to allow water to flow from a into h with 
a volume sufficient to fill the pipe. The immediate effect will be 
a compression of the air inz due to the weight of the column 
of water falling in h. The compression in 7 will increase until 
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it is great enough to force the seal of the trap f, when the air 
entrapped in.z will flow through f to the outer atmosphere, 
and 7 will become filled with water, just the same ash. While 
the air was compressed in 7, the water in the tube e was forced 
up the outlet leg of the tube to a height corresponding with 
the depth of the seal f, and the water in d also rose in the out- 
let leg a little, but less than in e, or perhaps it remained prac- 
tically at rest. 

But if the experiment is actually performed with the appara- 
tus here described, it will be found that when the air was forced 
out of 2 and water took its place, the water in e fell slightly, 
and the water probably fell a considerable distance in d; water 
also began to flow from 6b into j, thus indicating that the pres- 
sure in 7 was less than that on the surface of b, because fluids 
also flow from places of high pressure into places of lower 
pressure. As the water flows from b through 7, the air in 7 
is forced into the pipe h, and 7, acting as the long leg of a siphon, 
soon drains the vessel b or draws the seal of d. This action 
shows that a partial vacuum has been formed inj, and a plenum 
in z. The partial vacuum in 7 was caused by water flowing 
down h, carrying with it some air from 7. 


34. Suppose that c is closed, the stopper taken from the 
mouth of the tube g, the water blown out of d, and a, b, e, and f 
filed as before, and that c is then opened again. The water 
from a will flow down h as before, and will draw air from 7; 
but 7 cannot become a vacuum, because its top is now open 
to the atmosphere by means of the unsealed tube d. Conse- 
quently, atmospheric air will flow through d into 7 to take the 
place of that being drawn from it by the water falling in h. 
As the water falls from h into 7, it simply forces the air in 7 to 
the outer atmosphere through the open tube g, and so the seal 
of the trap e is unaffected. This method, then, is a safe and 
positive way of preventing a plenum or vacuum within a 
drainage system. 


35. Plenum and vacuum actually occur in some drainage 
systems, just as they occurred in the experiment illustrated 
by Fig. 22. A partial vacuum may be so high as to force the 
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seals of the traps by atmospheric pressure, and so allow a quan- 
tity of the air within the building to flow into that part under 
a vacuum. A plenum may be high enough to cause the com- 
pressed air in the drain, or dead end, to force the seal of the 
trap outwards, and so allow drain air in the plenum to escape 
into the building. Both a vacuum and a plenum are very 
undesirable features in a drainage system, the latter being 
considerably more so than the former, because in the case of 
a trap forced by a plenum, foul air in 
the drains is positively driven into the 
building, while in the case of the 
vacuum, fresh air simply flows from 
the building into the drainage system. 
Whether traps, whose seals are forced 
by plenum or vacuum, will be entirely 
unsealed, and drain air permitted free 
access to the building when atmos- 
pheric pressure again prevails through- 
out the system, will depend entirely on 
the construction of the traps and the 
rapidity with which their seals are 
forced. 


36. Loss of Seal by Siphonage. 
Probably the most common cause of 
traps becoming unsealed, that is, 
enough water being lost from the trap 
to permit gas from the drains to enter 
the building, is siphonage. The man- 
ner in which siphonage will empty a 
trap sufficiently to unseal it can be shown by the aid of the 
experimental apparatus illustrated in Fig. 23. This apparatus 
consists of two vessels a and b joined by a giass tube having 
a petcock c and legs d and e of unequal length, as shown. 
Close the petcock c and pour water very slowly into a. 
The water-line will only rise until it reaches that part of the 
pipe that passes through the side of a, the water then flow- 
ing through the pipe into b. If the pouring of water into a 
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is stopped, water will soon cease to flow into b, and the water- 
line in a will.remain level with the tube (a little higher than 
shown in the figure) that passes through the bung. This effect 
is called an overflow, the tube d being the overflow pipe. If, 
however, a large quantity of water is suddenly poured into a 
it will be found that the water-line will descend until it reaches 
the orifice of the pipe e that dips in a, a stream of water at the 
same time flowing into b. This effect is called siphonage, 
the tube e being the short leg and the tube d the long leg of the 
siphon, and in this instance water will be siphoned from a 
into b. 

The cause of siphonage is simply unequal pressures. Siphonic 
action did not take place when the water was poured slowly 
into a because the volume flowing through the tube d was not 
sufficient to fill the bore; consequently, the pressure in the 
top of the tube was practically equal to that on the surface of 
the water in a. When water was suddenly poured into a, the 
head thus formed forced enough water into d to entirely close 
its bore and force the air out at its lower end. With the tube 
thus discharging at its full capacity, the water in that part of 
the tube d below the level of the water in a, or the head of 
the siphon, caused a pressure lower than that of the atmos- 
phere in the top of the siphon. The pressure of the atmos- 
phere on the water in a simply forced the liquid up e and into 
the tube to replace that flowing from it into b. To prove that 
the action of the siphon is due to differences in pressures and 
that a pressure below atmosphere exists in the top of the 
siphon, open the petcock c and air will instantly rush into 
the tube, thereby changing the pressure within the tube to 
that of the atmosphere. Since the pressures inside and out- 
side the tube are now the same, it is evident that the water 
in the short leg e of the siphon will be level with that in 
the vessel, and the water in the long leg will flow into 5, 
and be replaced by the air. By introducing a sufficient 
volume of air into the top of any siphon, the siphonic action 
can be destroyed. Before siphonage can take place the outlet 
end of the siphon must be lower than the level of the water 
to be siphoned. 


§$ 46 TRAPS AND VENTS 29 


37. Fig. 24 illustrates one of the many cases in plumbing 
practice where siphonage takes place. It shows a trap A, 
of the round-pipe pattern, attached to the outlet of a kitchen 
sink B, and installed in a manner. common in some localities, 
although prohibited in all cities 
and towns protected by plumbing oe 
ordinances. He 

The trap is shown properly 
sealed; the depth of the seal, 
which is the distance between a 
and b, is 2 or 2% inches. This 
seal forms an effective barrier to 
the gases in c and prevents their 
entry into the building through 
the sink strainer. 

If a pail of water is poured into 
the sink, the water will flow 
through the trap and the waste 
pipe c, entirely filling their bore; 
consequently a siphon is formed, 
of which ¢ is the long leg, the 
short leg being formed by the 
part e of the trap. The instant 
the water leaves the sink and =z 
passes the trap, air will flow | SFA 
through the trap into c, witha & Saitolt 
loud sucking or gurgling noise, 
to displace the water in c, which ' }, i 
flows to the outlet. Atmospheric 
pressure forces the water from the 
lower curve of A into c, just as it forced water from the vessel a 
into the tube d of Fig. 23, and the water in the trap will be 
quickly siphoned out. To prevent the siphonage of the trap 
shown in Fig. 24, a pipe d, indicated by dotted lines, should be 
run from the crown of the trap to the atmosphere, above the 
roof for instance, to prevent unequal pressures and replace with 
air the water flowing through c. The best plan is to continue 
the cast-iron pipe C up to and through the roof, joining the 
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waste branch c and the air pipe, or back-vent pipe, as it is called, 
to the vertical pipe with suitable fittings and at suitable heights. 
This method will not only prevent siphonage of the trap, but 
also thoroughly ventilate the piping. 


88. Loss of Seal by Evaporation.—Any trap will lose 
its seal by evaporation of the contained water if the fixture 
over it is left unused for a sufficient length of time. The seal 
of an ordinary round-pipe trap will usually be broken by evap- 

oration in about 2 weeks, 
_ although more or less time 
7, may be required, depending on 
the state of the weather and 
the rapidity with which air 
travels over the water in the 
trap. 

When a house is to be left 
unoccupied for a long time, 
especially in summer, it is 
good practice to fill all traps 
with crude glycerine, the 
. evaporation of which, com- 
\, pared with water, is very slow. 
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| 39. Loss of Seal by 
| Capillary Attraction. 
|| Traps will often lose their seal 
| by capillary attraction, that is, 
by the attraction of the mole- 
{' cules of a liquid for each other 

and for a solid with which they 
are in contact. One of the many different ways in which capil- 
lary attraction can affect traps, is illustrated in Fig. 25. A 
basin a is connected to the drainage system by an $ trap b. A 
piece of worsted or cotton twine c has become caught over the 
strainer bars and the loose ends at first hung down in the waste 
pipe. Water flowing from the basin has worked the string 
through the trap, but cannot wash it down into the drainage 
system. This string by capillary attraction draws the water out 
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of the trap until the seal is broken. The illustration shows how 
the water runs off the end of the string drop by drop, and it also 
shows how sewer gas can enter the building through the trap 
thus unsealed. The direction of the sewer gas is shown by the 
arrows. The force that lifts the water in the trap and dis- 
charges it over the outlet ridge, thus depositing it in the waste 
pipe, is simply that due to the attraction between the liquid 
and the surfaces of the many fibers in the string, and the water 
is siphoned out of the trap because the tail-end of the string 
is lower than the water in the trap. 


40. Loss of Seal by Leakage.—Traps sometimes lose 
their seals by leakage, which can occur only with traps depen- 
dent on an inner partition 
or tube fora seal. Fig. 26 
shows such a trap located 
above a bathroom floor 
and connected to a bath. © 
The seal of the trap a is 
formed by the waste pipe b, 
which continues up inside 
of the body of the trap, 
as shown. Should a hole 
be corroded through the 
tubing c, as at d, the water 
forming the seal of the trap would leak into the waste pipe and 
a dangerous passage would be opened between the house-drain- 
age system and the bathroom. Danger of leakage at this point 
can be greatly reduced, however, by using heavy drawn copper 
or brass tubing for the inner tube c. 
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41. Loss of Seal by Inertia.—If a ball is dropped into 
a smooth round-pipe trap occupying its usual position, the 
ball will often roll through the trap and be carried by its inertia 
up the trap outlet leg against the action of gravity. If water 
is flowing through a trap in a full stream and the water supply 
is suddenly stopped, while air freely follows the water, the 
inertia of the water flowing through the trap, which water 
may be likened to the ball previously mentioned, will carry 
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a large part of it out through the outlet leg, and the remainder 
may be insufficient to seal the trap. This phenomenon is cor- 
rectly known as loss of seal by inertia, but is often erroneously 
called loss of seal by momentum. It is particularly lable to 
happen in round-pipe wash-basin traps, irrespective of back- 
venting. To prevent this trouble the traps should have diam- 
eters greater than their inlets. For instance, a trap that has 
an inside diameter of 14 inches should have a connection to the 
basin not greater than 14 inches. The higher the velocity of 
the water flowing through a trap and the more suddenly the 
supply of water is shut off, the greater will be the loss of seal 
by inertia. To reduce the velocity of the water flowing into 
it as much as possible, the trap should be connected close up 
to the fixture. 


42. Loss of Seal by Oscillation.—Occasionally the water 
in water-closet traps is seen to oscillate, that is, to rise and fall 
in the trap inlet. This motion is due to variations in pressure 
between the air in the rooms and that in the plumbing system, 
due principally to high winds. Seals are very seldom lost to 
a dangerous extent from oscillation. 


BACK-VENTS OR RE-VENTS 


LOCATION OF BACK-VENT PIPE 


43. The back-vent pipe, sometimes called re-vent pipe, 
that is to say, the pipe that joins the trap to the outer atmos- 
phere, either directly or by connection to a special vent stack, 
does a double duty. It not only prevents the seal of the fixture 
trap from becoming siphoned to a dangerous extent, but also 
acts as a ventilating pipe that removes gases of putrefaction, 
or foul air, from the waste-pipe branch to the plumbing fixtures. 

The back-vent pipe should always be connected to that 
part of the vent stack where it will give the highest efficiency; 
this part may or may not be the one most accessible. The 
methods of joining the points from which the back-vents 
should be taken vary with existing conditions. 
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44. To carry off the gases effectively, the back-vent should 
be taken from or near the highest point of the waste-pipe 
branch, or, in other words, from or near the crown of the ara: 
If it is taken from the waste pipe at a point some distance from 
the trap, that part between the back-vent connection and the 
trap will remain unventilated, and will form a dead end; in other 
words, a current of air will not flow through it, and consequently 
the accumulating gases can only be removed by diffusion with 
the air-current as it passes from the waste pipe into the back- 
vent. But ventilation by diffusion is exceedingly slow and 
unsatisfactory; the gases should be carried off by actual air- 
currents. 

To prevent siphonage, the back-vent should not only be 
connected to the trap, but should have a sectional area suf- 
ficiently large to furnish the volume of air at atmospheric 
pressure required to replace the water flowing through the 
waste pipe. 


CHOKED VENTS 


45. It is evident that if the back-vent pipe should become 
choked in any way, foul air cannot flow from the waste pipe; 
neithér can air enter it at the proper point to prevent siphonage. 

Back-vents may be choked in several ways, depending on 
circumstances. For instance, connections are sometimes so 
made that solids, like sand, are deposited by water which flows 
into the back-vent. Or hot water carrying melted grease may 
flow into the back-vent, where part of the grease will solidify 
and adhere to the colder surface of the pipe. 

Referring to Fig. 27, suppose that a glass trap of the form 
shown at a is attached to a vessel b, the end of the trap that 
passes into the vessel being provided with a plug. Fill the ves- 
sel with water and pull out the plug so that the water may 
flow freely into and through the trap. Water, like all other 
matter, when in motion, tends to move in a straight line. When 
the water from the vessel b flows down the tube and reaches 
the bend in the trap a, it is forcibly deflected and made to flow 
around the curve; when it passes the curve, however, it still 
tends to move in a straight line, but now vertically upwards. 

i T3824 
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Since the tube'c is open at the top, the water will naturally 
rise until it reaches a certain height 
in c, and the velocity of its discharge 
through d will depend on the height, 
t+-— or head h, which again depends on the 
resistance to the flow through d. 
The greater the resistance to flow 
through d, the higher will the water 
rise in c. 

If the water that rises in c carries 
(1 liquid grease, part of the grease will 
solidify and adhere 


CoA [mmm 


g i. to the internal sur- 
| ‘ eee y face of c, forming a 
cn eo film of grease, 


which will soon be 


j i” changed into a 
(| \ iD scale, and the scale 

IPS) into a solid plug by 
Zy : the accumulation of 
Zz a little grease every 
time such water 
rises in c. 

If the pipe c should be bent over, as shown by dotted lines, 
so that the water will rise into the part e, this nearly hori- 
zontal part will probably 
become choked quicker 
than the vertical pipe c. 


Fic. 27 


46. Back-vent pipes 
are very often connected 
to round-pipe traps in 
the manner shown in 
Fig. 28, or with a brass 


elbow as in Fig. 2, so /li* , 1! 
that the vent can be & La Ltt AE TL el 
separated. from the Fic. 28 


trap for repairing. With this form of construction, small 
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quantities of water may be forced up the back-vent when 
unusually large quantities of water pass to the drains, and 
the vent will ultimately become choked. 


CORRECT BACK- OR RE-VENT PIPE CONNECTIONS 


47. The best method of connecting the back-vent pipe 
to the trap so that the water will not flow back is shown in 
Figs. 17 and 31, where a swan-neck or return bend connects the 
vent pipe with the outlet end of the trap. In this case the 
water will flow past the opening of the back-vent pipe without 
rising in that pipe, unless the base of the waste pipe is restricted 
at some point between the back-vent connection and the waste 
stack. The curve offers little resistance to 
the flow of air in the piping, and conse- 
quently the ventilation of the waste pipe 
is satisfactory. 

If drain air is allowed to accumulate 
in a long branch, or dead end, the metal 
composing such a pipe will soon be cor- 
roded and leaks will thus be formed. 
Lead is especially susceptible to drain or 
sewer gases, and unventilated lead waste 
pipes are soon honeycombed with numer- 
ous small holes and also become quite 
rotten and brittle. When back-vent pas 
pipes are properly applied, they protect the trap seals and 
prolong the life of the waste pipes. 


48. The proper method of connecting the back-vent pipe 
to an $ trap is shown at A, Fig. 29. The current of water 
flowing through the trap will induce a downward current of 
air in the vent pipe; furthermore, owing to the direction of the 
current, water will not enter, and hence no grease or other 
refuse will accumulate in the vent pipe. 


49. One way to connect a vent pipe to a one-half $ trap 
is shown in Fig. 30 (a). The waste pipe a connects to the 
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waste stack b by means of the TY fitting c. The continua- 

tion d of the vertical pipe forms the vent pipe for the trap e. 

This form of connection can only be used, however, when no 

fixture discharges into the waste pipe b above the branch c. 

When there are fixtures above this branch, the trap should be 

ventilated, as shown in view (b), in which a back-vent a is 
, <J 


connected from the vent stack b to the waste pipe c, close to 
the vertical waste stack d, and back of the partition wall e. 
By this method of connection the back-vent pipe is hidden. 


Fic. 30 


50. The greatest allowable distance of the vent connec- 
tion from the trap depends chiefly on the pitch of the waste 
pipe that connects the trap with the drain stack. When the 

waste pipe a is run as shown in Fig. 31, the vent pipe b should 
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connect above the water level of the trap; that is, the center 
line of the back-vent pipe should not intersect the surface of 
the waste pipe below the horizontal plane of the water level, 
represented by the line c. Should the intersection be located 
below the line c, there is a liability of the trap being siphoned. 
The nearer horizontal the waste pipe from the trap to the drain- 
age system is laid, the farther from the trap can the vent pipe 
intersect it. 


51. Vents to drum traps should connect to the waste pipe, 
as shown in Fig. 4, and not to the crown of the trap, as shown 
in Fig. 5, to prevent currents of air coming in contact with the 
water in the trap, 
which currents will 
tend to evaporate the 
water forming the , 
seal. 


52. Some fixture, 
such as a wash basin 
or a set of laundry 
tubs, may be so lo- 
cated that it cannot 
be properly back- 
vented without great 
expense. In such a 
case an antisiphon 
trap, that is, a trap embodying the principle shown in Fig. 4, 
may be employed, although it is better practice to properly 
back-vent regardless of expense. 


58. Continuous, or Loop, Vents.—A continuous vent 
is one in which the vent is formed by continuing the waste 
pipe above the fixture it serves, and connecting it to the main 
stack above the highest fixture. As this connection makes the 
back air pipe a continuation of the waste pipe, it is called con- 
tinuous venting. The advantages in the use of continuous vents 
are: There is no liability of the vent becoming stopped. A 
stronger connection can be made that can be given a water 
test. There is less danger of the trap losing its seal by 
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evaporation. It is cheaper to install, as it requires less labor and 
material. There are no pipes to obstruct the floor space under 
the fixture. 

Full $ or three-fourth $ traps are not suitable for continuous 
venting. Different modifications of P traps, running traps, 
and drum traps should be used for this work. 


54. Where the location of the fixture renders the instal- 
lation of a back-vent pipe difficult and expensive, a device 
called an antisiphon back-vent, which is a light check-valve 
sealed by mercury, is applied to the crown of the trap. The 
check-valve is arranged to open when the pressure in the crown 
of the trap becomes less than that of the atmosphere, admit- 
ting air, and thus stopping siphonage. The valve will close 
and be sealed by the mercury when sufficient air has entered the 
trap. An antisiphon back-vent may not only be rendered 
useless, but may also become dangerous, in many ways. For 
example, the valve may stick, or the mercury be lost or stolen; 
the gas in the drains will then flow through the valve into the 
building. Hence, sanitary engineers are opposed to the use 
of antisiphon back-vents, preferring to install proper vent pipes 
irrespective of cost. 


55. A back- or re-vent to a fixture trap should be connected 
to the main vent stack above the top of the fixture it serves. 
It should be connected to the trap in such a manner that refuse 
cannot collect in the vent opening. When conditions permit, 
a continuous vent should be employed, except for traps for 
closets and slop sinks, which should be vented from the bend 
that connects the fixture outlet with the soil pipe. Back- or 
re-venting affords opportunity for the formation of by-passes 
by incompetent workmen. A by-pass is a faulty arrangement 
of the vent pipes, by which sewer gas is allowed to pass around 
the seal of a trap and escape into the room through the fixture. 


DRAINAGE AND SEWERAGE 


DRAINAGE 


STORM DRAINAGE 


INTRODUCTION 


1. In sanitary engineering, the subjects of drainage and 
sewerage are so intimately associated as to be almost insepar- 
able. In general, however, the subject of sewerage refers 
principally to the removal of excremental or human refuse and 
other waste matter common to human habitations, while the 
subject of drainage relates to the removal of storm water from 
the surface and subsoil. All water from rain storms may 
properly be called storm water. This name, however, is com- 
monly applied to the water from rain storms that does not soak 
immediately into the ground nor evaporate, but that flows 
away over the surface, through natural channels or through 
artificial conduits. 


2. Municipal Drainage.—The purpose of drainage in 
rural districts may be the reclamation and improvement of low- 
lying lands, to be utilized for agriculture. But municipal 
drainage systems are generally constructed for the purpose of 
removing the storm water from the surface, where it would cause 
more or less injury to habitations and inconvenience to the 
inhabitants, and from the subsoil, where it would become a 
menace to health. 

In municipalities, the storm water is generally removed by 
means of drains or sewers. The storm water is sometimes 
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conveyed wholly by the street gutters and in open conduits 
without entering the sewers; but in most cases it is led into the 
sewers by the most direct routes. The latter method, being 
the more common and popular and by far the better, will be the 
method considered here. In some cases, the storm-water 
drainage is conveyed in a different system of conduits from 
that in which the sewage is conveyed. More commonly, the 
drainage and sewage are removed by the same system of con-. 
duits. This can not be done, however, if there is danger of 
contamination to the stream or lake into which it may empty. 


3. A system of drainage should be adequate for the prompt 
removal of the rainfall from the surface during violent storms, 
including also such animal and vegetable refuse as will neces- 
sarily be removed with the storm water. If this purpose is 
accomplished, and the drains are located at sufficient depth, 
efficient drainage will be provided for the subsoil. 

In designing a system of sewers for the purpose of drainage, 
the principal conditions that must be considered are usually 
as follows; these various conditions, however, are not wholly 
independent of one another, and the consideration of any one 
of them will usually involve some consideration of certain 
features of the others: 

1. The area, physical outlines, and general topographical 
features of the district to be drained must be considered with 
reference to the natural flow of water on its surface, in order 
that the sewers may be located as nearly as possible in the 
natural drainage channels. 

2. The rainfall on the district must be considered with 
reference to the maximum intensity of precipitation during a 
period of time sufficient to completely charge the sewer. 

3. The general character, condition, and slope of the sur- 
face must be considered with reference to the proportion of the 
rainfall that will probably reach the sewer during the time of 
its maximum flow. 

4. The geological character of the district must be con- 
sidered with reference not only to the depth to which efficient 
subsoil drainage must be provided, but also in regard to the 
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difficulties to be encountered in the practical construction of 
the sewer. 

5. The location of the outlet of the sewer must be con- 
sidered with reference to the final disposition of the drainage. 


PHYSICAL OUTLINE OF DRAINAGE DISTRICT 


4. Elevated Location.—The physical character of the 
district should be carefully studied. If the location of the 
district is near a summit or quite elevated, with the surface 


Fic. 1 


sloping in such a manner as to afford ample channels of natural 
drainage, the problem of artificial drainage will be very simple. 
In such case, the lines of drainage sewers are located along such 
routes as most nearly follow the natural drainage channels, 
leading to such natural outlet as may be available. The 
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positions, directions, and grades of the streets will often be 
influenced to some extent by the natural channels of the drainage. 


5. District Without Natural Outlet.—lIf the drainage 
district is situated in a valley not having a good natural drain- 
age outlet, the problem of drainage will be much more serious 
than in the case just mentioned, and the expense of the con- 
struction of the system greatly enhanced. If the drainage is 
to be discharged into a running stream passing through the 
town or estate, the drainage should be delivered to the stream 
at a point below the territory drained, whatever may be the 
direction of the natural drainage. This may require incon- 
venient and circuitous courses for the sewers, as well as deep 
excavations. A case of this nature is represented in Fig. 1. 
As there shown, the town is situated on the bank ofa stream. A 
crest of elevated ground, in the position indicated by the dotted 
line, separates the town into practically two drainage districts. 
The outlet for the district a b is at f, while the drainage from ¢ 
passes around by the circuitous course de and is discharged 
at g. The drainage from ¢ could not pass by a direct course to 
the outlet without an extremely deep excavation through the 
high ground. ; 


6. Low-Lying District.—If a drainage district is very 
level and at a very slight elevation above tidewater or above 
the river into which the drainage is to be discharged, the dis- 
charge sewer must be carried to the lowest point within the 
district. This will then be the chief controlling condition, and 
it may even be necessary to resort to pumping in order to 
provide sufficient fall for the drainage to cause it to flow to the 
outlet. In such cases, the drainage is conveyed to tanks, 
located at the lowest points, and then pumped to a sufficient 
height to flow to the outlet. 

Such conditions will often control the depth at which drains 
can be located. For the purpose of removing the storm water, 
it is not generally necessary to locate the drains at any great 
depth below the surface, but for subsoil drainage, it is neces- 
sary to locate them as deep as it may be desired to drain the 
subsoil. 
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7. Subsoil Drainage.—If the entire district to be drained 
it built up and paved, the amount of rainfall reaching the sub- 
soil will be so small, comparatively, that it usually need not be 
considered. But, if a portion of the district consists of grassy 
lawns, wooded tracts, or unpaved streets, a very considerable 
amount of rainfall will reach the subsoil and provision must be 
made for its removal, especially when the subsoil is quite 
permeable and has below it an impervious stratum. The 
necessity for drainage will be further increased if the formation 
is such as to produce springs in the subsoil. As the water 
cannot escape, the subsoil will be continually soaked with 
stagnant water, which condition will have a very injurious 
effect on the health of the inhabitants. If the formation is 
such that the water will be continually in motion and flowing 
away, the injurious effect will be greatly lessened; but stagnant 
water is an enemy of life and should be very thoroughly removed. 
Hence, it is very important that efficient subsoil drainage should 
be provided. 


RATE OF RAINFALL 


8. Measurement.—In determining the required capacity 
for a storm-water sewer, a most important condition to be con- 
sidered is the maximum rate of rainfall; that is, the maximum 
rate of precipitation for any given number of minutes. From 
a knowledge of this condition may be determined the amount 
of storm water reaching the sewer during a storm continuing 
a sufficient time to charge the sewer completely. Rainfall is 
measured in inches. Thus, by 6 inches of rain is meant a 
sufficient quantity to cover the surface fallen on to a depth of 
6 inches, provided it all remains on the surface where fallen. 
If a vessel were placed out in the storm, it would be filled to a 


depth of 6 inches. 


9. Records of Rainfall.—For the purpose of propor- 
tioning drains and sewers, the records of rainfall are quite 
incomplete. Records of daily, monthly, and yearly rainfall are 
numerous; but however valuable they are for some purposes, 
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they have little value for the designing of sewers. The 
records of storms, as generally reported, give the total precipi- 
tation for the entire storm and possibly the duration of the 
storm; but they do not usually give the maximum rate of the 
precipitation. The average rate of precipitation throughout 
the storm can be obtained by dividing the total precipitation by 
the duration of the storm. But this result will seldom, if ever, 
be the maximum rate of precipitation; for, as is well known, 
the greatest intensity of the rainfall is attained only during 
certain short periods of the storm’s duration. A rain storm 
will often continue through several hours with a very uneven 
intensity, being sometimes a mere drizzle and again a veritable 
downpour. Evidently, the total precipitation of such a storm 
will bear no relation to its maximum rate. A storm that will 
precipitate 3 inches of rain in 12 hours may precipitate 1} inches 
in 2 hours or possibly 1 inch in 80 minutes. The average 
precipitation during the entire storm would then be at the 
rate of ;3;=% inch an hour, while the precipitation during the 
30 minutes, or 4 hour, of maximum rainfall would be at the 
rate of 1+4=2 inches an hour. For these reasons, records of 
the maximum rate should be taken. 


10. Violent Storms.—lIn cases of violent and excessive 
downpours, a small portion of the storm water can be conveyed 
in the surface gutters, thus to some extent relieving the sewers, 
by temporarily affording additional provision for the storm 
water; hence, no serious damage will usually result if at rare 
intervals the rate of precipitation is such as to give a flow 
somewhat in excess of the actual capacities of the sewers. It is 
not customary, and is not generally considered necessary or 
even desirable, to design drainage systems with capacities 
sufficient for the prompt removal of the entire rainfall from 
excessive storms by means of the sewers alone. Storms that 
give an excessive precipitation occur only at long intervals 
and are of short duration. The excess of storm water, above 
that which can be conveyed by the sewers, can usually be taken 
by the surface gutters until the storm subsides, so that but little, 
if any, damage will result. Further, sewers with capacities 
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sufficient to meet the conditions of excessive storms ont not 
be advantageous as conduits for the ordinary flow. 


11. Maximum Intensity of Precipitation.— A locality 
subject to long-continued drizzling rains may have a large 
annual rainfall, while short heavy rains may occur in localities 
having a much smaller annual rainfall. This maximum rate, 
or rapid downpour, during a reasonably short period is the 
condition that most severely taxes the capacity of a storm-water 
sewer. The chief consideration in designing a storm-water 
sewer is the maximum intensity of the precipitation; that is, the 
maximum rate per second or per hour, during a period of time 
sufficient for the water from the remotest portions of the district 
to reach the sewer and flow to the outlet. 


12. Self-Registering Rain Gauges.—In order to design 
a storm-water sewer intelligently, a person should have a 
reasonably accurate record of the rainfall in the locality, giving 
both the rate and duration of the varying degrees of precipitation 
for each storm. Such records are obtainable by means of self- 
registering rain gauges, in which the continuous amount of 
rainfall and the time are automatically recorded on a sheet 
moved by clockwork. In 1889, the United States Weather 
Bureau placed self-registering rain gauges in the principal 
cities of the United States; they had previously been used in a 
few cities. From the records given by these gauges, valuable 
data regarding the rainfall is being obtained. 


13. Much valuable information relating to the rainfall is 
given in the ‘“Wcather Review,” the official publication of the 
United States Weather Bureau. Only the records of self- 
registering gauges, however, can be considered as really accurate. 
On this subject, considerable valuable information relating to 
conditions in the United States was also collected and compiled 
by the Board of Sanitary Engineers appointed by the President 
to report on the sewerage of the District of Columbia. Dia- 
grams of the rainfall were constructed by this Board by plotting 
on cross-section paper the rates per hour of excessive rainfall 
for storms of different lengths, as obtained from records of 
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precipitation in five of the principal cities of the United States. 
From the inspection of such diagrams could be obtained a 
comprehensive and intelligent idea of the relative rates of rain- 
fall yiven by storms of different lengths. 

One important condition indicated by these diagrams is that 
the maximum rate of precipitation for a given short period of 
time is reasonably uniform throughout the United States, 
although this fact is quite contrary to what has been the com- 
monly accepted opinion. While the total amount of annual 
rainfall varies greatly in different parts of the United States, 
the greatest amount of rain that falls in a given short period 
of time varies little in different parts of the country, although 
the maximum rates of rainfall are generally somewhat greater 
for the Southern Coast States than for the interior. The 
frequency with which the maximum rate of precipitation may 
be attained, however, varies greatly in different parts of the 
country, as does also the total amount of rain that may fall dur- 
ing a single storm or during a season. But the maximum rate 
of rainfall bears no relation to the total amount of rainfall. 
The frequency with which the maximum rate of rainfall may 
occur, however, should be considered in connection with the 
design of storm-water sewers. 


14. In America, a common practice, in designing sewers, 
is to provide capacity for 1 inch of rainfall per hour, or 1 cubic 
foot per second per acre of the district tributary to the sewer, 
assuming one-half the rainfall to reach the sewer. While 
probably a good average practice, it cannot consistently be 
adopted as a universal standard, for conditions vary in different 
localities, and a capacity satisfactory for one district may be 
insufficient for another. 


15. Disappearance of Rainfall.—The water that falls 
in the form of rain disappears in various ways. Of that which 
does not reach the sewer, one portion evaporates, another por- 
tion is absorbed by growing vegetation, a considerable quantity 
soaks into the ground, and a part flows away through natural 
channels, and reaches tine sewer or watercourse further down. 
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16. Evaporation.—Experiments indicate that under cer- 
tain conditions the amount of water evaporated from the surface 
of the ground may be as great as 70 per cent. of the rainfall. 
But little evaporation takes place while rain is falling, and for 
practical purposes it may consistently be assumed not to occur 
during the maximum flow of storm water. Hence, this con- 
dition may be wholly neglected. 


17. Percolation.—The proportion of the rainfall that 
soaks or percolates into the ground will vary according to the 
nature of the soil; it will be much greater in sandy or peaty 
than in ordinary soil, and will be very much smaller in clay. 
Under favorable conditions, the percolation in ordinary soil 
may be 30 per cent. of the rainfall; in chalk, it may be nearly 
40 per cent., while in sand or gravel, it may be over 80 per cent. 
But during a short and rapid downpour of rain the percentage 
of percolation will be much smaller. Also, if the conditions 
allow a prompt and rapid flow of the water over the surface, the 
percentage of percolation will be small. A large portion of 
the water that soaks into the ground may reach the sewer or 
watercourse further down, but only after the lapse of consider- 
able time and not during the maximum flow of the storm water. 
In the design of sewers, however, the conditions of evaporation 
and percolation need be considered only so far as they affect 
the amount of storm water reaching the sewer. 


18. Conditions Affecting Flow of Storm Water.—The 
proportion of the rainfall that reaches the sewer varies according 
to the area, slope, and condition of the-surface, and the nature 
of the subsoil. Wooded tracts, cultivated lands, or those 
covered by luxuriant vegetation retain a greater portion of the 
rainfall, and are longer in yielding up what they do not retain, 
than smoothly cut lawns or areas devoid of vegetable growth. 
The latter will therefore give the greater flow. The amount 
of flow is also affected by the nature of the soil. Loose porous 
soils, as sand or loam, readily drink in a large proportion of the 
rainfall, while hard-packed and impervious soils, as clay and 
cemented material, take in much less of the rainfall and give 
much greater surface flows. Steep slopes throw off a much 
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greater proportion of the rainfall than flat areas, and carry it 
more quickly to the channels of flow. Hence, a hilly country 
will not only yield a greater proportion of the storm water than 
a level country, but will also deliver it to the sewers much more 
quickly. Frozen ground may give a surface flow practically 
equal to the rainfall; in connection with melting snow, it may 
considerably exceed the rainfall. 


19. In closely built-up districts, with paved streets, the 
proportion of storm water carried to the sewers and the rapidity 
of its conveyance are both greatly augmented. The greater, 
and often the entire portion of the surface on which the rain 
falls consists of paved streets and courts, walks, and the roofs 
of buildings, all of which offer nearly impermeable surfaces 
to the rainfall, which the systems of surface drains, troughs, and 
gutters quickly convey to the sewers. As a result, a large 
portion of the rainfall is promptly delivered to the sewers, 
which will be severely charged by short storms having a high 
rate of precipitation. 


20. Ratio of Storm Water to Rainfall.—Gaugings of 
sewers during the flow of storm water indicate that, after the 
ground has become saturated, the ratio of storm water to rain- 
fall is practically constant for a given district, which is a quite 
important condition; that is, after saturation, the percentage 
of rainfall reaching the sewer is practically the same for all 
rates of precipitation. In the case of roofs and well-paved 
areas, the effect of saturation is slight. The ratio of the storm 
water to the total rainfall depends largely on the character and 
condition of both the surface and subsoil. 

Gaugings sufficient to establish this ratio for different condi- 
tions of surface have never been made. Such reliable infor- 
mation as is available concerning the subject will be briefly 
noticed. 

Professor Baumeister, a German authority, states that “for 
drainage purposes, the ratio of the storm sewage to the total 
precipitation can be assumed to be the same as that existing 
between the impervious and the total area.”” In this statement 
the word ‘impervious’? means wholly or fully impervious. 
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Area not fully impervious should be reduced to an amount of 
impervious area proportionate to its impermeability. 


21. Mr. E. Kuichling, of Rochester, N. Y., a well-known 
hydraulic engineer and an eminent authority on storm-water 
sewerage, gives the percentages in Table I as representing the 
relations of the impervious surface to the total drainage area, 
assuming the relations to vary according to the density of 
the population. These values were obtained from an extended 
analysis of the conditions found in such cities as Buffalo, 
Rochester, and Syracuse. The percentages in the last column 
should be used as the ratios of storm water to total precipitation. 


TABLE I 


RELATION OF FULLY IMPERVIOUS SURFACE TO TOTAL AREA 
ACCORDING TO DENSITY OF POPULATION 


Percentage of Fully Impervious Surface 
Average 
Number of ae r 
Pp ns nimprove 
eter Roofs a _ Dis Streets, Yards Total 
Etc. 

15 8.4 3:3 3.0 14-7 
25 14.0 7.0 ae 252 
32 18.0 10.2 5.0 2e.2 
40 Does Aer 5.4 42.6 
50 28.0 19.0 5.6 52.6 


According to Knauff, the maximum quantity of storm water 
reaching the sewer, in percentages of the rainfall, is as follows: 


PER CENT. 
VATA FOOT Sir eed ite a UNA PEG ote 40 to 50 
MQeCOIISTS AMC, SOUALCS oo.) otis oo sip eo ors Boe: 50 to 70 
OPEC TOOL Ses teat is nb euciiees has oid hoes 60 to 80 


These percentages are probably rather low for small areas. 
In London, it has been found from gaugings of the sewers, 
that from 53 to 94 per cent. of the rainfall flows away as storm 


water. 
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SUBSOIL DRAINAGE OF BUILDINGS 


SUBSOIL WATER 


22. Water is often discovered while excavating cellars and 
for the foundations of buildings. Since cellars must be free 
from water and dampness if the buildings are habitable and 
wholesome, means for removing the water from underneath 
the foundations and the cellar floor must be provided. The 
greatest objection to damp cellars is the fact that cellar air passes 
up through the floors, walls, and partitions and thereby not 
only causes a damp atmosphere in the living and sleeping rooms 
of the buildings, but also actually vitiates the air, since the odors 
of damp cellar air are due to the decomposition of vegetable 
and organic matter from many sources. Rheumatism and 
malaria are often the evil effects of damp cellars; typhoid 
and typhus fever are the probable effects of contaminated 
cellar air. 


23. The disposal of subsoil cellar drainage water is often 
a matter of great difficulty, particularly when the drainage is 
intermittent. The drains are frequently dry during the 
summer and winter months, and only convey the water during 
the spring and fall. When such conditions exist, particular 
care must be taken to avoid the evaporation of water in traps, 
which may disconnect the subsoil drains from any sewer or 
house drain into which they may discharge. 


METHODS OF DISPOSAL OF SUBSOIL WATER 


24. Gravity Disposal.—Cellar drains are usually made 
large enough to receive not only the surface drainage from the 
cellar, but also the subsoil water. In order to drain a cellar 
properly and discharge the subsoil water by gravity into the 
house sewer, the sewer must be lower than the subsoil drain. 

Fig. 2 shows how the accumulation of water in the cellar and 
around the walls of a building can be discharged to the sewer 


ZA) 
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by gravity. A well or pit a is made in the cellar bottom to 
receive the subsoil water; inside the cellar wall and extending 
alongside of it, a gutter b is formed with a slope or fall to the 
pit. The surface of the cellar bottom is made with a gradual 
slope to the gutters. By means of the graded cellar bottom 
and gutter all water leaking into the cellar, whether through 
walls or from defective plumbing pipes, is conducted into the pit. 

The water about the footings of the walls is collected in 
earthenware pipes c laid with loose open joints, which allow the 
subsoil water to enter the drain pipes and flow to the sewer. 
The trap d is provided with a ball float e, which rests in the 
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chamber f at one side of the fitting as shown, and leaves the 
waterway of the trap unobstructed. If water from the sewer 
backs up in the trap, the ball e will float up against a seat located 
under a grating, as shown by dotted lines g, and form a seal 
that will prevent sewer water from entering the cellar or sub- 


soil drains. 


25. The subsoil drains are laid in broken stone and are 
inaccessible, and should they at any time be charged with 
sewage, which will certainly be the case if the street sewer 
becomes flooded, sewage will back up the subsoil drains and 
contaminate the ground under the building. Particular care 
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should be taken to guard against this danger, and a check-valve, 
a ball trap, or a backwater trap of some description should 
always be used. If a check-valve is used, a separate trap is 
very suitable as a positive safeguard against the entrance of 
drain air or sewer gas. On the best work, a water-sealed trap 
combined with a check-valve is used. 


26. Forced Disposal.—Should the cellar floor be below 
the sewer level, or at least so nearly level with it that the sub- 
soil water cannot be removed by a gravity system of drainage, 
some convenient force must be used to raise the water to a point 
from which it may flow by gravity into the sewer. 

Common hand pumps can be employed for this work, but they 
require too much labor and attention, and consequently are not 
suitable machines. Ifa building that is affected in this manner 
has a bountiful supply of water at a pressure of, say, 30 pounds 
or more per square inch, a simple automatic cellar drainer may 
be used to raise the subsoil water. 


27. Fig. 3 (a) shows one of these machines in detail. It is 
set in a pit, below the cellar floor, into which the subsoil water 
may drain. The drainer a is connected to the cold-water 
supply pipe by means of a pipe b that is furnished with a flanged 
union c, inside of which is a close-meshed strainer, which 
prevents any grit from entering the machine with the water. 
The pressure water passes through the valve d and issues from 
the nozzle e in a fine stream, about 7g inch in diameter. This 
jet enters the larger cone f and forces the pit water, which enters 
this cone through the perforations, up the outlet pipe g, into the 
sink h. The perforated hood, or strainer, 7 prevents any chips, 
or other matter that may be floating in the pit, from entering 
and choking the cone /. 

The jet of water, the force of which raises the subsoil water 
from the pit, is governed by a simple device that opens the 
valve d when the pit is about full of water and closes it when the 
pit is nearly empty. The machine is thus automatic and inter- 
mittent in action. 

The valve d is provided with a hollow stem of sufficient 
diameter to nearly fill the valve orifice. The water, after 
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passing over the edge of the valve disk, enters slots in the 
bottom of the stem and emerges from small holes farther up 
the stem, as shown by arrows. This arrangement prevents 
the valve from chattering on its seat, and allows it to fall by 
its own weight when slightly opened. When the water rises 
above a certain level in the pit, the float 7 operates a finger k 
that pushes down on the lower disk attached to the valve stem, 
and thus opens the valve and starts the machine. As the water 
falls in the pit, the float falls with it, and the finger k rises 
slowly, engaging with the upper disk, raising the stem, and 
closing the valve. 

The machine will start itself when the water is high enough 
in the collecting pit, and will continue to eject water until the 
pit is nearly empty, that is, until the float has reached the 
downward limit. 


28. In buildings where a large amount of subsoil water is 
to be removed and where electricity is available, an electric 
pump, such as shown in Fig. 3 (b), can be used to raise the 
water and discharge it to the sewer. 

The pump a is placed in a pit and suspended from the cover- 
plate b by a steel tube c, through which the vertical shaft d 
passes. The discharge pipe e passes through the cover-plate 
and is rigidly fastened to same. The tube c and discharge pipe e 
hold the pump rigid. If the tube c is more than 4 feet in 
length, diagonal braces should be used to prevent vibration 
when the pump is in operation: The suction inlet is at the 
bottom of the pump, and the pump should be set so that it will 
be from 4 to 6 inches above the bottom of the pit. A long 
sweep bend f connects the discharge of the pump to the dis- 
charge pipe e. 

The pump is operated by an electric motor g direct connected 
to the shaft d. The pump is automatically started and stopped 
by the switch h, which is operated by the float 7 automatically 
turning on the current when the water in the pit rises to a pre- 
determined height, and turning off the current when nearly all 
the water in the pit has been discharged. This is a simple and 
almost noiseless running machine. 
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SEWERAGE 


SEWERAGE SYSTEMS 


GENERAL REMARKS 


29. Sewage is composed of water mixed with kitchen 
slops, grease, soap, urine, washings from stables and slaughter 
houses, rags, leaves, paper, human excreta, etc. These animal 
and vegetable matters rapidly decompose and generate noxious 
gases, the combination of which is called sewer gas. These 
gases are poisonous and will inevitably produce sickness if they 
escape into a dwelling, or if they are breathed in any consider- 
able quantity by persons of weak constitutions or who are 
susceptible to disease. 

A small leak of sewer gas in a house may cause much sickness 
that will probably be ascribed to other causes. Many people 
will endure a small amount of bad odor rather than incur the 
expense of a plumber’s work, and are unwilling to believe that 
a small defect in the drainage can do much mischief. But, 
the plumber must protect people against their own ignorance 
and cupidity in this matter. It is clear, from the nature of 
sewer gas, that traps and vents on the drains are not luxuries, 
but are absolutely necessary to the health of the community. 


30. Effect of Efficient Sewerage.—Evidence in regard 
to the salutary effect of efficient sewerage and drainage of 
cities on the health of the inhabitants is abundant. The 
experience of a large number of cities could be cited to show 
the marked reduction in the death rate resulting from the con- 
struction of sewerage systems; but the benefits of sewerage are 
now so well known as to make such proofs unnecessary. There 
is no longer any question in regard to why sewers and drains 
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should be built; the only question at present is how shall they 
be built. 

One of the principal conditions requisite to health is that the 
air we breathe shall be pure. The air in the vicinity of human 
habitations may be maintained pure by promptly removing 
all causes of pollution, such as decaying matter, noxious gases, 
and all conditions favorable to the development of disease 
germs. 


31. Besides the prompt removal of all water from the 
surface and subsoil, which is accomplished by efficient drainage, 
all garbage, street sweepings, solid kitchen and factory waste, 
decaying vegetable matter, and other dry refuse should be 
promptly collected and removed, and all excremental or human 
waste and liquid refuse should be carried off by an adequate 
system of sewerage. By such means, the causes that not only 
generate disease germs but also make their continued existence 
possible, are effectually removed, the soil is rendered dry and 
wholesome, and the air is purified. 


SYSTEMS OF REMOVAL 


382. The different methods employed for the removal 
of excremental and liquid waste may be divided in three general 
classes, namely: the direct-removal system, the pneumatic 
system, and the water-carriage system. 

The principal methods of direct removal are the pail system 
and the dry-earth closet. In the former, the excrement is caught 
in a pail or other vessel, and at stated intervals is transferred 
to and removed by carts. In the latter, dry powdered earth, 
or ashes, is added to the excreta in sufficient quantities to absorb 
the moisture and deodorize the entire mass until it can be 
removed. Various modifications of both these systems of direct 
removal give results more or less satisfactory and also involve 
features more or less objectionable. 


33. The pneumatic systems generally consist of systems 
of air-tight pipes, through which the excremental matter is 
forced by atmospheric pressure, the air being exhausted from the 
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pipes by large air pumps. Such systems are intended for the 
removal of only such portion of the wastes as is most valuable 
for fertilizing purposes. Separate conduits are provided for 
liquid wastes. These systems, though disposing of only a 
portion of the refuse, require costly machinery, and are also 
expensive to operate. 


34. The Shone system employs compressed air for the 
purpose of raising sewage. The sewage flows through pipes 
by gravity, in the usual manner, until it reaches the lowest 
level practicable or desirable for it. At such a point the 
sewage flows into a large iron tank, called a pneumatic ejector, 
from which, when full, it is forced into pipes at a higher level 
by means of compressed air automatically applied. This 
appliance is especially valuable in cities where sufficient fall to 
the outlet of the sewers cannot be obtained. In such cases, it 
can often be advantageously substituted for pumps for raising 
the sewage to the required elevation. This method is not a 
distinct pneumatic system, but is more properly considered as a 
special expedient of the water-carriage system. 


35. The water-carriage system for the removal of 
sewage is by far the most popular. It is thoroughly efficient 
and requires only a comparatively inexpensive conduit to 
convey all the sewage. This is the system universally employed 
in America, and quite generally used in all civilized countries; 
therefore, it will be the only system of sewerage considered here. 


SEWERS 


SEWER CONSTRUCTION 


36. Separate Sewer System.—Two general classes of 
sewer systems are employed for cities, towns, or villages; 
namely, the separate sewer system and the combined sewer 
system. The separate system consists of two sets of drains, 
one to convey to a suitable and safe point of discharge all the 
excreta and all water that, whether used for drinking, washing, 
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or other purposes, is returned in a foul state as sewage. This 
pipe should be laid water-tight. The sole purpose of the other 
drain is to carry away to some convenient watercourse all the 
rain or storm water falling or flowing on the sewered districts. 
This drain need not be water-tight if the soil in which it is laid 
is wet, as it will thus drain the land when storm water is not 
flowing through it. 


Fic. 4 


A cross-section of a street showing the sewer conduits as 
sometimes arranged in the separate system is shown in Fig. 4. 
In this figure, a is the sewage conduit and b is the storm-water 
conduit, while c and d are pipes that convey the storm water 
from the catch basins e and f to the storm-water sewer b. The 
catch basins receive the storm water from the street gutters 
through the street openings g and h. The pipes 7 and j are 
respectively for gas and water. 
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37. The volume of sewage from any town or city is prac- 
tically a known quantity. It is nearly equal to the water 
consumption, if roof and storm waters are excluded. In 
designing a sewer, all possible information as to the water 
consumption should be obtained and the statistics used as the 
basis for estimating the size of the sewer pipe that will be 
necessary. Of course, the probable increase in population for 
the next fifty years or more, together with the roof and storm 
water to be taken care of, will have to be provided for in 
planning the sewer, provided it is to be a combination system. 


38. Combined Sewer System.—The combined system 
is that in which the roof and storm water is carried to a suit- 
able point of discharge by the sewers that convey the sewage 
from the buildings. The union of the two is claimed to be an 
advantage, as the storm water flushes the drains admirably. 
Such sewers, if made large enough to carry off the heaviest 
rainfalls, are much too large for dry seasons. A small, shallow, 
sluggish stream of sewage will then flow through them, and solid 
matter is liable to accumulate, putrefy, and evolve sewer gas. 
If the sewers are too small or have too little fall, they will fill 
up during heavy storms, and the water will back up into the 
basements. 


39. Shape of Sewers.—The shape that should be given 
to a sewer depends on the nature of the flow through it. Ifthe 
quantity of liquid is fairly constant, a circular sewer or pipe 
may be used. If the flow is variable, as is always the case 
where storm waters are to be disposed of, the sewer should be 
egg-shaped. 

40. Brick Sewers.—For circular sewers of diameters not 
greater than 30 inches, vitrified pipe is the best material. Larger 
sewers are commonly made of brick. The cross-section of a 
brick sewer during its course of construction is shown in Fig. 5. 
It is constructed of a single course, or ring, of special arch bricks 
made to conform to the curve, and laid lengthwise of the sewer. 
The lower arch, or invert, is always laid in advance of the upper 
arch, as shown; the latter is constructed over a temporary 
wooden arch a called a center, or form, which is held in place 
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by wooden blocks (not shown), that rest on the invert. The 
thickness of a brick sewer under ordinary conditions may be 
approximately determined by allowing one ring of bricks for 
each 3 feet in diameter. The bricks should be soaked in water 
and then bedded in place, using a mortar composed of equai 
parts of Portland cement and clean sharp sand. The joints at 
the inner surface of the sewer must be neatly and smoothly 


The house sewer 
should discharge into the 
street sewer a little above 
the center of the latter. 

Fig. 5 also illustrates a system of 
bracing for preventing the caving in of 
the sides of the trench. This form of 
bracing is used only when the ground is 
very soft and quick to slide. 


41. The proper form to be given to 
an egg-shaped sewer is shown in Fig. 6. 
The upper part is a semicircle, having the 
diameter d. The total height h is made equal to 14 d. The 
bottom curve has a radius 7, which equals 1d. The sides are 
curved to a radius 1, which equals the height h. 

The special advantage presented by this form is that with 
a minimum quantity of water a maximum depth can be obtained, 
and that as the depth of the stream is diminished, the wetted 
perimeter is reduced proportionately. 
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The invert block A, made of terra cotta, salt-glazed on its 
inside face, must be set on a solid unyielding foundation. The 
spaces a within the block may be used to drain the land. They 
form continuous channels to the sewer outlet. The house 
drain b should join the sewer above the line d, as shown. If 
there is danger of water backing in the sewers, the mouth of } 
should be protected by a light hinged flap valve, as shown. 


42. Pipe Sewers.—For pipe sewers, the trench can be 
excavated as deep as to about the center of the pipe by com- 
mon laborers, below 
which depth it should ° 
be shaped to receive 
the pipe by men 
trained to the work. 
It should be so shaped 
that the pipe will be 
supported entirely on 
its cylindrical part, 
where it is of uni- 
form cross-section, a 
recess being formed to 
receive the socket and 
cement joint for each 
length of pipe, which 
recess should be after- * 
wards filled with well- 
packed sand. The 
pipe should be carefully laid with socket end toward the sum- 
mit. The joints should be cemented by one man, who should 
be well trained to the work. The earth should then be carefully 
packed around the pipe, previous to filling in the trench; it 
should be packed with especial care around all Y branches, 
the ends of which should be temporarily closed by special caps. 
The Y branches, to which the houses will be connected, should 
be generally located about 25 feet apart along both sides of the 
sewer, and a record of their exact positions should be care- 


fully kept. 
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43. Bracing the Trenches.—In most cases, where the 
depth is not great, the sides of the trench will stand without 
protection. In some soils, however, there will be great tend- 
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ency to caving, from which the sides of the trench must be 
protected by means of timber work and braces. This mat- 
ter should be looked after principally by the contractor, as on 
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him devolve all the risks of the undertaking. It is, never- 
theless, a matter over which the engineer should keep a gen- 
eral oversight, as the lives of the workmen may be endangered 
and the work greatly delayed by accidents due to lack of, or 
insufficient, protection to the banks of the trench during the 
construction of the sewer. 


44, The banks of sewer trenches are commonly protected 
by means of a temporary framing of planks and timbers, known 
as Sheet piling. Sheet piling consists essentially of a row 
of planks, having their lower ends sharpened, driven vertically 
along each bank, and braced by means of braces extending 
across the trench. If the trench is deep, the planks that sus- 
tain the bank can generally be placed horizontally with advan- 
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tage for about the upper 4 feet of the trench, then driven 
vertically for the portion below. This arrangement is shown 
ine Hig. 7. 

The horizontal planks may generally be in the ordinary 
marketable lengths, 16 feet being commonly a convenient 
length, and should be 2 inches thick. <A length of about 7 feet 
is generally to be preferred for the vertical planks, or pules, 
which may generally be 1 inch thick, if sufficiently supported. 
One row of such piling, in connection with the horizontal plank- 
ing, will be sufficient for a depth of 8 or 9 feet. For greater 
depths, two or more rows of piling must be driven, each row 
being on the inner side of the next row above, as shown in Fig. 7. 
The planking and piling are held in position by horizontal and 
vertical timbers, generally of about 3 in. X 6 in. cross-section, 
which are in turn held in place by the cross-braces. 
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45. The cross-braces used are sometimes timber shores, 
which must be cut to length and driven into place. They 
often become loose, when they must be wedged or replaced 
by longer shores; furthermore, shores used once cannot gen- 
erally be used a second time. Much better cross-braces are 
afforded by the iron screws, or adjustable braces, shown in detail 
in Fig. 8. These screws can be used any number of times, can 
be adjusted to fit any width of trench within reasonable limits, 
can be quickly put in place, and removed or tightened without 
jarring. Considerable experience is required to put in place, and 
remove, sheet piling quickly and without damage to the material. 


46. Combined Trench and Tunnel Excavations. 
Deep trenches must frequently be excavated in hard compact 
soil of a clayey nature. Plumbers then often resort to a mode 
of excavating that is partly tunneling, the object being chiefly 
to avoid the expense, both of removing all the earth under 
which the sewer is to be laid, and of bracing; furthermore, to 
prevent the destruction of trees, paths, etc. that may be on the 
sewer line. 

Fig. 9 (a) shows two men laying an earthenware sewer a 
on the bottom of such a trench. The line of the sewer is first 
staked off. Then the ground is opened at intervals along the 
line, as at b. These holes are made oval, as shown in view (0), 
each being dug down to the trench bottom. Tunnels are now 
cut under the parts c, which are allowed to remain and act as 
braces for the banks of the trench. View (c) shows a cross- 
section of the tunnel, while view (d) illustrates a cross-section 
through the trench holes. 


47. The method of excavating just described must not 
be employed where the ground is loose and liable to cave in, 
since serious accidents may occur. It is used in cases where 
the ground will be positively self-sustaining. Many valuable 
trees have been saved by this method of excavation. In filling 
in this trench, great care must be taken to first pack the earth 
well into the tunnels, to prevent the parts c, Fig. 9, from collap- 
sing when the ground becomes loosened by frost and affected 
by freshets. A good plan is to flood the trench with water 
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after the tunnels have been packed and before the holes 6 are 
filled in. The water will settle the earth and make it very 
compact in the tunnels. 


48. Artificial Sewer Foundations.—The material 
encountered in excavating sewer trenches sometimes is so 
unstable that special expedients must be employed in order to 
support the sewer during the construction and until the earth 
filling can be tamped around it. When this material is very 
treacherous quicksand, it will be generally necessary to sup- 
port the sewer on piles or timbers, while in less treacherous 
soils it may be sufficient to excavate somewhat below the grade 
line and fill in to grade with gravel. A tile underdrain laid 
beneath the sewer is very advantageous in quicksand and water- 
bearing strata. This secondary drain may be laid directly 
beneath the sewer, or somewhat to one side of the trench. It 
will also be found very advantageous for the removal of sub- 
soil water during the construction of the sewer. It may be 
constructed of ordinary drain tile 2, 3, or 4 inches in diameter, 
according to the amount of subsoil water. 


49. Velocity of Flow in, and Fall of, Sewers.—The 
velocity of the flow in sewers and drains should not be less 
than 2 or 3 feet per second, nor higher than 4 or 5 feet per sec- 
ond, if the sewers are built of brick and convey storm water. 
If the sewage contains much sand or grit, a velocity of 6 feet 
or more is liable to wear away the brickwork. 

The fall of brick sewers should be about 1 in 240 if possible, 
though with frequent flushing 1 in 600 may be permitted. 
When less than this, solid matter will deposit and must be 
removed by manual labor. 


50. Size and Capacity.—The question of size is the final 
and most important point to be decided, in designing a system 
of sewers. This question can be decided much more satis- 
factorily for sewers that are to convey only sewage proper 
than for those that are to convey storm water also. 

The aggregate yearly discharge of house sewage from built-up 
residence areas is greater than the entire volume of storm water 
that ordinarily reaches the sewers during the same period. 
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Yet the sewer capacity required for ample house drainage is 
about one-fortieth that commonly given to storm-water sewers 
for like areas. This condition is due to the fact that the dis- 
charge of storm-water sewage may be very excessive for short 
periods of time and nothing at all for quite long periods, while 
the discharge of house sewage is reasonably constant. The 
capacity must be sufficient for the maximum discharge. 

The maximum rate of discharge, which must always be care- 
fully considered, is so great for storm-water sewers that the 
provision of additional capacity for the domestic sewage is con- 
sidered unnecessary in sewers of the combination system. For 
sewers of the separate system, the required capacity may be 
materially greater in a manufacturing than in a residence dis- 
trict, for two reasons: First, the daily quantity of sewage 
from a manufacturing district may be considerably greater 
than from a residence district of the same size, and, second, 
the entire daily sewage from the manufacturing district may 
be discharged during a few hours, while that from the resi- 
dence district will generally be distributed over the greater 
part of 24 hours. 


51. The waste of water is generally more nearly constant 
than its legitimate use. Consequently, the greater the per- 
centage of water wasted, the more nearly uniform will be the 
discharge of sewage and the less will the maximum exceed the 
average discharge. These and all similar conditions must be 
carefully investigated and considered, as relating to each par- 
ticular case, and the required capacities of the sewers must be 
determined accordingly. 

To use Table II, first compute the volume of water in cubic 
feet that requires to be removed per second during the heaviest 
rainfall. Next, under the proper sewer grade in the table find 
the discharge nearest to the computed amount to be removed; 
then, by following to the left column, the diameter of pipe 
required is found. 


52. To proportion sewers accurately for large districts, 
very complicated formulas must be used and elaborate surveys 
made. This is the work of the municipal, civil, or sanitary 
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engineer rather than that of the plumber. Since, however, 
plumbers are occasionally called on to lay large sewers for 
suburban districts or country estates, Table II, taken from 
Kent’s Mechanical Engineer’s Pocket Book, is given. In this 
table the discharge is given in cubic feet per second. 


EXAMPLE.—The total roof area of buildings from which storm water 
is to be removed is 80,000 square feet. The total area of the correspond- 


TABLE II 
CAPACITY OF CIRCULAR SEWERS FLOWING FULL 


Diam- Slope, or Head, Divided by Length of Pipe 
eter of 
Pipe L 
Inches | I in 40 | I in 70 | I in 100 | I in 200 | I in 300 | I in 400 | I in 600 


5 456 | .344 .288 .204 .166 144 ri ae. 
6 Hj O2n ees AO .482 BAG .278 241 107 
7 Te 7 One oO 744 526 432 Te .304 
8 TOO! | =1a290)| ee TzOSO .705 .624 .540 441 
Om 223709. 790s ls 5 OG] eet O00 684) —.750 .613 


10 2-400 | 2.010 | 1.420 |" 12tGOs-0oo .820 
Ta 3.120 | 2.630"|~ 1.860 | “1.520 | ¥.310 )) afavaee 
12 4.000 | 3.350| 2.370] 1.930] 1.670] 1.370 
15 6.160} 4.370 |" 34.5704 93-0007) 2-520 
18 1O.200 | “7.220 5.890 | 5-100 | 4.170 
20 13.650 | 9.650 | 7.880 | 6.820] 5.570 
22 17.710 | 12.520 | 10.220 | 8.850 | 7.230 
24 15.800 | 13.000 | 11.230 | 9.170 
26 19.730 | 16.000 | 13.960 | 11.390 
28 24.150 | 20.500 | 17.070 | 13.940 
30 | 29.080 | 24.750 | 20.560 | 16.790 


ing back yards, pavement, and macadam road is 40,000 square feet. The 
fall of the sewer is 1 in 100. The rainfall being 4 inches, 75 per cent. of 
which will reach the sewer, what should be the size of the sewer pipe? 


SoLuTION.—The total area of the surface to be drained is 80,000+40,000 
= 120,000 sq. ft. 75 per cent. of 4=3 in. of rainfall=.25 ft. Therefore 
the volume of water to be removed per second is ‘ 

120,000 X .25 


= S0NCG oe cu. ft. per sec. 


$ 47 DRAINAGE AND SEWERAGE 31 


Table II, in the column headed 1 in 100, and in the left-hand column, 
shows that an 18-in. pipe delivers 10.21 cu. ft. per sec. This size of pipe 
is chosen, since the next smaller size, 15 in., is too small. If a 17-in. pipe 
could be obtained, it would be large enough to safely carry the storm water. 


53. Sewer Branches.—House connections are made to 
pipe sewers by means of a special ¥ branch. 
This fitting is shown in Fig. 10, by top and { 
side views. It consists, essentially, of a “é 
length or cylinder of sewer pipe intersected 
by a cylinder of smaller diameter, the angle 
of intersection of the axes of the two cylin- 
ders being about 30°. The branch can be 
turned either to the right or left. Until a 


house connection is made to a Y branch, 
the end of the branch is closed by a cap, . 


or stopper, the general form of which is ( 
shown at c. For making the house con- f 


nections to brick sewers, a piece of pipe 
corresponding to the smaller cylinder of 
Fig. 10 is used. This piece of pipe, called a branch, or slant, 
is built into the upper arch of a brick sewer just above the 
springing line, or line along which the upper arch and invert 
join. The form of the branch and manner in which it is built 
into the side of a brick sewer is shown in Fig. 11, which illus- 
trates a longitudinal section and view of the bottom of both 
sewer and branch. 
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Se ee 54. Curves.—House 
connections entering 
sewers are often required 
to turn quite sharply. 
Special curves are re- 
quired for this and for 
other purposes. In 
Fig. 12 a Y branch and 
connecting curve are 
shown in plan, elevation, and section. This figure shows not 
only the form of the connection, but also the proper position 
for making it. 
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55. Tees.—Pipes having somewhat the form of the letter T 
and, from the similarity, called tees or T’s, are used for certain 
purposes in the construction of sewers. The T is not a proper 
connection for branches, as 
it produces too abrupt a 
change in the direction of 
the current, causing eddies 
and deposits. It is, however, 
a good fitting for such pur- 
poses as lamp holes, hand- 
holes, and _ flushing-out 
openings, where a hose may 
be applied for the purpose 
of flushing a section of the 
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56. Handholes.—Sections of sewer pipe having a detach- 
able piece, as shown in Fig. 13, are sometimes laid at intervals 
along a pipe sewer. Such sections are commonly called hand- 
holes, although the name is more properly applied to the 
opening. They afford a means of removing obstructions 
from the sewer without 
breaking the pipe. 
When used, they are 
laid at intervals of 
about 100 feet along the 
sewer. As, however, 

Fic. 13 = house connections are 

not usually made to all 

the Y branches laid for that purpose, the unused Y branches 

may be made to serve as handholes by simply removing the 
cap or stopper. 
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57. Junctions.—Substantially the same fitting as the 
Y branch is used for the junction of two lines of pipe sewers. 


The relative sizes of the branch and main \ 
pipes and also the form, are varied to suit 
different requirements. Where two branch 
sewers join a main sewer, a double Y branch, | 


as shown in Fig. 14, is employed. In pipe 

sewers and all sewers too small to be en- i] 
tered, the curves for the junctions should Fic. 14 

be entirely within, or accessible from, the manholes. 

The junctions of brick sewers are sometimes quite difficult 
of construction. The radii of the connecting curves should be 
as great as practicable, generally from about 10 to 50 feet, 
according to the size; the longer 
radii used for the larger sewers. 
The sewers should, when pos- 
sible, connect tangentially. 


58. Manholes.—Where two 
or more sewers unite, an open- 
ing leading to the surface of the 
street should be constructed for 
the purpose of affording access 
to the sewer. One of these open- 
ings, which are called manholes, 
is shown in Fig. 15, as con- 
structed at the junction of three 
pipe sewers; but the construc- 
tion will be substantially the 
same for any case. Manholes 
are built of bricks; they may be 
directly over the sewer or some- 
what to one side, as circum- 
stances may require. In Amer- 
ica, however, they are generally 
constructed directly over the 
sewer. The walls should be 
Fic. 15 8 inches thick and plastered on 
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the outside with cement mortar. The foundation and bottom 
of the manhole should be formed of concrete, which should be 
brought up to a level with the bottom of the sewer. The 
bottoms of manholes should be carefully made to conform to 
the shape of the sewer. The manhole should be furnished with 
a perforated cast-iron cover, the top of which should be on a 
level with the surface of the street. In some cases, a dust 
pan is hung below the cover. 


59. Manholes should be constructed at all junctions, 
except house connections, at the upper ends of curves, and, 
where the distance between such points is 
great, at occasional street intersections. 
In general, they should be constructed at 
all points where it may be desirable to 
have access to the sewer for the purpose of 
inspection, repairs, the removal of obstruc- 
tions, or for any other purpose. They 
afford a means for making the connec- 
tions between pipe sewers that cannot be 
satisfactorily connected by the ordinary 
Y branch, as is often the case with large 
pipe sewers. In such cases, all the trib- 
utary sewers discharge into the manhole, 
to which an outlet is afforded by the main 
sewer. Manholes also serve to ventilate 
the sewers. However, the construction of 
manholes adds materially to the cost of a sewer so they should 
not be constructed more frequently than necessary. 
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60. Lamp Holes.—For pipe sewers, where the distances 
between manholes is considerable, the means of observing the 
condition of the sewer at intermediate points may be afforded 
by lamp holes. A lamp hole is formed by placing a T in the 
line of the sewer and carrying a vertical pipe, or standpipe, to 
the surface, as shown in Fig. 16. The sewer may be examined 
by means of a lamp lowered through the vertical pipe. The 
lamp hole may stop just beneath the pavement, and its top 
may be covered with a light casting, or it may be carried nearly 
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to the surface and its top protected by a cast-iron frame having 
a heavy cover, as shown in the figure. 

If the lamp holes are carried to the surface and covered with 
perforated cast-iron covers, they will assist materially in the 
ventilation of the sewer. Lamp holes can be cheaply con- 
structed; they afford means for inspecting the condition of 
pipe sewers, but do not give access to the sewer for cleaning or 
for removing obstructions. 


61. Catch Basins.—For the purpose of admitting storm 
water to the sewers, catch basins are placed at street corners, 
and sometimes, if the block be long, at intermediate points 
also. Catch basins are built 
in various forms, most of 
which consist of a chamber 
or basin into which the storm 
water flows directly from the 
street gutters, having an out- 
let into the sewer from a 
point at some distance above 
the bottom. By this arrange- 
ment, a large portion of the 
coarsest and heaviest of the 
matter suspended in the 
storm water will not enter 
the sewer, but will settle to 
the bottom of the catch basin 
and be there retained. In order to prevent sewer gas from 
entering the catch basin, from which it would escape in the 
vicinity of the sidewalk and be very objectionable, the outlet 
to the sewer is so shaped as to form a trap. 
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62. The common form of catch basin in the United States 
is shown in Fig. 17. It is generally built of brick, but is some- 
times made of concrete, or of earthenware pipe. In the figure, 
a is the opening for admitting the storm water from the gutter; 
b, the trap to the outlet leading to the sewer; c, the surface 
of the water; and d, the deposit of mud and sedimentary 
refuse; ¢ is a cast-iron cover to an opening in the top of the 
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catch basin, through which the deposited mud and refuse may 
be removed. 

Catch basins should be perfectly water-tight, in order to 
maintain the water surface at or very near the level shown in 
the figure, in order both to cover the deposit of mud and prevent 
it from giving off disagreeable gases and to seal the trap against 
the escape of sewer gas. The water level in street catch basins 
should be from 2 to 3 feet below the street surface and the 
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total depth of the basin should be generally from 6 to 8 feet, in 
order to avoid freezing. The construction may be varied in 
detail to suit circumstances. 


63. Sewage Lifts.—In order that the sewers shall not 
become clogged, the sewage must flow with sufficient velocity 
to keep the sewers clean. The sewers should therefore be laid 
to grades of sufficient inclination to induce the required velocity. 
In low-lying districts, such grades are not always available 
unless the sewage is pumped or otherwise lifted; in other words, 
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the available fall to the outlet is insufficient to convey the 
sewage, and recourse must be had to the expedient of allowing 
the sewage to flow to a low point in the system, and there lifting 
it to a higher level, from which it will flow to the outlet. 


64. Fig. 18 shows a sewage lift that is in common use. 
In this device compressed air is applied to lift the sewage, which 
flows by gravity through the inlet a and is admitted to the 
large chamber or reservoir r. When full, the pressure of the 
sewage lifts the small bell d that operates a valve and admits 
compressed air into the reservoir through the pipe e. The 
pressure in r is thus increased and the sewage is forced through 
the outlet b. When the chamber is empty, the air valve is 
closed and a vent hole to r is opened by the weight of the small 
bucket c, which is always full of sewage. A check-valve opening 
toward the reservoir is placed at the foot of the inlet-pipe 
opening, and another check-valve that opens toward 6b is placed 
at the foot of the outlet pipe b. These check-valves prevent 
sewage in r from entering a when the air pressure is on, and the 
sewage in 6 from backing into r when the pressure is off. 


FLUSHING AND VENTILATION OF SEWERS 


65. All sewers and drains should have open communication 
with the atmosphere at some point, so that air may freely pass 
in and out to accommodate changes in volume of the liquid 
flowing through them; these openings also serve as reliefs for 
the escape of drain air should tidal water back into the drains 
and sewers. The ordinary practice is to have a few holes in 
the manhole covers on the main, or trunk, lines. 

Some sewerage systems are furnished with ventilating shafts 
located at their extreme highest ends. These shafts insure 
a constant current of air through the system if the air in the 
shaft is warmer than the atmosphere. The natural ventilation 
of sewers and all underground drains is a current of air traveling 
toward their lower end, or outlet, during hot weather, and 
toward the ventilating shaft during cold weather, unless other- 
wise affected by prevailing winds, etc. 
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66. Some idea of the great amount of gas constantly 
generated in a sewer may be formed by observing the column 
of vapor rising from a manhole on a frosty morning, or the 
smell of the same on a warm day. This gas is given off by 
decomposing sewage, which is stranded in considerable quan- 
tities during the shallow flow of dry weather, and more or less 
of which adheres to the sides of the sewer at all times. Fresh 
sewage is not very offensive, but after its rapid decomposition 
has begun, immense quantities of sewer gas are liberated. 
Therefore, in order to so far as possible prevent the generation 
of sewer gas, the sewers should be frequently and thoroughly 
flushed, and the accumulations of decomposing sewage washed 
out. The generation of sewer gas is largely prevented by 
keeping the sewers clean. As this sewer gas, which is con- 
stantly generated in sewers, must escape, ventilation of the 
sewers is of great importance. The air in sewers should never 
be stagnant, but should be kept constantly in motion, being 
allowed to escape at certain points in the system and renewed 
at others. By thus maintaining the circulation, all impurities 
will be more or less oxidized, instead of collecting in putrefying 
masses, and the air in the sewer will not generally contain 
injurious gases in great quantity. 


67. The efficient ventilation of a system of large sewers 
is a difficult problem, for which, up to the present time, no 
satisfactory solution has been found. Some of the highest 
authorities that have investigated the matter have concluded 
that the most effective expedient is to ventilate through man- 
holes and air inlets in the middle of the street. This method 
is highly objectionable on account of the disagreeable odors, but 
is perhaps as free from danger as any cheap system of ventilation 
that can be employed. Ventilation by manholes is reasonably 
effective with air-currents in either direction. 


68. Methods of Flushing.—One of the simplest methods 
of flushing a sewer is to dam up the sewage by gates in the 
sewer until it is nearly or quite full, then, by opening the gates, 
allow the sewage to escape with a strong, full current, washing 
out the accumulations of solid matter. In order to avoid 
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holding the sewage until it backs up into cellars and basements 
the gates used should not reach quite to the top of the cross- 
section of the sewer. This simple method of flushing cannot be 
applied to the upper ends of sewers, where other expedients must 
be employed. 


69. Automatic Flush Tanks.—Sewers may be kept 
reasonably clean by regular flushing with clean water. This 
may be accomplished by means of automatic flush tanks 
located at all dead ends and various other points along the 
sewers. The requisites for an automatic flush tank are: Cer- 
tainty of action, rapidity of discharge, simplicity, ease of inspec- 
tion, durability, and economy both in first cost and in main- 
tenance. Some forms of automatic flush tanks will not meet 
the above requirements for the usual conditions. Automatic 
flush tanks may be classified as tilting tanks, siphon tanks, 
and valve tanks. 


7O. Tilting tanks are hung on horizontal axes, and each 
tank is so formed that, as it fills, its center of gravity becomes 
changed until equilibrium is destroyed, and the tank tilts over 
and empties itself. When empty, its own weight restores it 
to its former position. 


71. Siphon tanks, when they become filled to the desired 
point, discharge by means of siphons. They differ chiefly in 
the device employed to start the siphon. As complicated 
mechanism is very undesirable in a flush tank, the siphon tanks 
are generally to be preferred because of the simplicity of their 
construction. 


72. Valve tanks discharge by means of valves that are 
generally operated by balls floating on the surface of the water. 


73. A simple form of an automatic flush tank is shown in 
Fig. 19. It consists of a large chamber c into which water is 
slowly admitted by an ordinary faucet f. The tank empties 
through the siphon s, at the bottom of which is hung a small 
cast-iron tilting basin b. As the tank fills, the water gradually 
rises through the free, or ascending, leg of the siphon until it 
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overflows down the descending leg, filling the tilting basin. 
As the basin fills, its center of gravity becomes changed until 
it tilts over to the position shown by the dotted lines, lowering 
the surface of the water in the basin about 1 inch. The sud- 
den rarefaction thus produced in the siphon brings it promptly 
into full action. When the discharge ceases, the basin tilts 
back to its former position. 


74. Capacity of Flush Tanks.—Flush tanks should have 
discharging capacities equal to those of the sewers into which 
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they discharge; for the separate system, they are commonly 
constructed with capacities ranging from about 125 to 250 gal- 
lons. They should discharge automatically once, or at most 
twice, during each 24 hours. For thorough flushing, the tank 
should generally be so located as to give a head, in feet, equal 
to from one-half to three-quarters the diameter of the sewer 
in inches. This head, however, could not be readily obtained 
for the large sewers of the combined system. The problems 
of both ventilating and flushing are much simplified in the 
separate system. 
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SEWER TRAPS 


75. A sewer trap is a bent pipe or other device that is so 
constructed as to allow sewage to flow freely, but will not 
allow sewer gas to pass through it. There are many different 
kinds in use, but the following will suffice to give a clear under- 
standing of their construction. 
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For underground sewerage work the traps are usually made 
of vitrified earthenware. All traps used on sewers should be 
circular in cross-section, as when given this form they are almost 
entirely self-cleansing; that is, they are cleaned by the liquid 
in the sewage; the seals should not exceed 2 inches. 


76. A mason’s trap is made of brick and cement, and 
sometimes also of pieces of flagstone. It is so called because 
it was formerly built by masons. Although a number of mason 
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traps are still in use, their construction is strictly forbidden 
by sanitary authorities, because they are foul, non-self-cleaning 
chambers. 


77. Aplain running trap is shown in Fig. 20. Although 
it is a good trap if the velocity of the sewage is 5 feet a second 
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or more, yet when the sewage velocity is low, the foul matter 
will accumulate at a because the inlet and outlet of the trap 
are about level. Another objection is the lack of a handhole 
for access to the trap. 

Fig. 21 shows a running trap with clean-out. It is sub- 
stantially the same as that shown in Fig. 20, except that a 
handhole is provided at a for cleaning-out purposes. As this 
handhole branch soon becomes filled with grease and other 
foul matter, it forms an undesirable fouling chamber. 
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78. A Buchan’s trap, shown in Fig. 22, is a self-cleaning 
trap provided with a clean-out opening a that may be con- 
tinued above the ground and used as a ventilator, or may be 
capped, as at b, and used only as a handhole. These traps can 
be had with a handhole at c, as shown by dotted lines. One of 
the best features of this trap is the cascade that is formed at d 
by having the inlet lip 2 or 3 inches higher than the outlet. 
This cascade drives down all matter in the trap, causing it 
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to dive under the tongue e and thus escape to the outlet, as 
shown by the arrows. 


79. Traps for Storm-Water Drains.— Traps for storm- 
water drains must necessarily have deep seals to allow for the 
inevitable loss of seal that occurs during dry seasons. The 
ordinary sewer traps having seals of 3 inches or less are not suit- 
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able for storm-water traps. As few specially deep seal traps 
are on the market, Fig. 23 illustrates how a safe and satis- 
factory deep seal trap can be made from ordinary pipes and 
fittings. A cap a closes the end of the lower T. A grating or 
dead plate may be used at b, as desired. The seal of this trap 
will be about 3 feet if a full length of pipe is used atc. If the 
trap is made of glazed earthenware pipes, the lower fittings 
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should be imbedded in concrete d, as shown. Under ordinary 
circumstances, leakage at these fittings and a consequent loss 
of seal, will thus be prevented. If there will be any heavy 
traffic over this trap, or if the first cost is not a hindrance, the 
trap should be made out of cast-iron pipe and fittings to pre- 
vent it from being broken or made leaky. 


HOUSE CONNECTIONS TO SEWERS 


80. General Directions.—The house sewer connection, 
or that part of the general sewerage system that connects the 
house plumbing system to the city sewer, cesspool, settling 
tank, or other place of disposal, is usually made of vitrified 
earthenware pipe, if the ground is old and has already settled 
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down and become compact. In loose, filled-in, or made, ground, 
cast-iron pipe should be used instead, as earthenware sewer 
pipe usually becomes cracked and broken by the settling of 
the ground. The pipe should always be run straight from the 
house wall to the branch or spur on the sewer. Any rocks or 
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boulders encountered in digging the trench should be removed 
or cut away, so as to insure a straight run. 


81. Main Drain Trap.—If the intercepting trap, or main 
drain trap, is located on the house-sewer line under the ground, 
it should be set in a manhole, if possible, as shown in Fig. 24, 
so as to be easily accessible in case of chokage or for testing 
purposes. The trap a has a 13-inch or 2-inch seal. On the 
sewer side of the trap is located a brass screw-cap b for access 
to the sewer pipe c, which connects with the public sewer 
or other place of disposal. This cap allows cleaning rods to be 
pushed through c to 
clear any obstruc- 
tions that may exist 
beyond the trap a. 
An inspection and 
cleaning-out cham- 
ber or handhole 
should also be pro- 
vided on the house 
side of the trap, as 
at d, so that the 
pipe e between the 
trap and the house 
may also be inspected 
or cleared if desired. 
A branch may be con- 
nected to d by substituting a branch fitting for the flange f. 
A branch taken from the top of e and extended into the man- 
hole with an open end, as shown at g, is called the fresh-air 
inlet, because it allows fresh air to enter the drainage system, 
as shown by dotted arrows. The cast-iron plate 7 finishes 
flush with the ground and is perforated to admit air to the 


manhole. 


82. Another form of intercepting trap is shown in Fig. 25. 
It is simply a running trap a with two handholes b and c, each 
of which is continued up full size to the ground, and capped 
flush with the ground by means of brass screw-cap ferrules d 
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and e. Into the inlet hub of the trap is calked a T, the branch 
of which is continued up above the ground line and surmounted 
by a ventilator or hood f that forms the fresh-air inlet for 
the house-drainage system. If the hood f were calked on d, 
and the pipe d b thus used as a fresh-air inlet, the cold air 
falling through b would be liable to freeze the water in the 
trap a during the night, when little or no sewage is passing 
through the trap. 


83. Locating Hole in Cellar Wall for Sewer Con- 
nection.—The plumber must know the exact location of the 
hole in the cellar wall where the sewer connection will enter 
the building. Sometimes this location must be determined 
before the cellar walls are built, so that the builder may leave 
the hole in the wall at the proper height. This method is 
better than cutting the hole after the walls are built. To locate 
the hole exactly, the plumber should call on the city engineer, 
examine the sewer map of the district, and from it determine 
the depth of the sewer below the grade line of the street, the 
curb, or any other fixed object. He must then determine the 
required height of the connection above the flow line, or bot- 
tom of the sewer. Or, he may go down the two nearest man- 
holes in the street and take measurements himself. 


84. Fig. 26 (a) shows a 36-inch brick sewer a running along 
Park Avenue. A building 6 is being erected facing Park Avenue, 
and the sewage from b will enter the main sewer at the point c. 
Manholes are located at the street crossings where the lateral 
sewers join the main, or trunk, line on Park Avenue. The 
sewer a is straight from manhole to manhole, which can be 
determined by lowering a lamp at one manhole and looking 
through from the other. But, the street grade is not uniform 
between the manholes. Therefore, the depth of the sewer 
at c below the street grade cannot be determined by merely 
measuring the depth of the manholes. To obtain this depth, 
a rod, say 18 feet long, should be held upright in each of the 
manholes, as at d and d’, view (b). A third party should hold 
a rod e immediately over the point c. A sight line, shown 
dotted, should then be taken by the eye from tip to tip of the 


§ 47 DRAINAGE AND SEWERAGE 47 


rods d and d’. A slide should be moved up and down the rod e 
until it is exactly on the sight line. The distance from this 
slide to the surface of the street is then noted, and may be 
assumed to be 14 inches. Now, as the rods d and d’ stood on 
the sewer bottom while the measurements were taken, and as 
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the sewer between the two manholes is straight, the distance 
from the street grade to the sewer bottom at the point c= 18 feet 
—1 foot 2 inches=16 feet 10 inches. But, as the sewer has 
an inside diameter of 36 inches, and as the house sewer cannot 
join it below the arch, the bottom of the house sewer must enter 
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the main sewer at a point at least 1 foot 6 inches above the main 
sewer bottom, or 16 feet 10 inches—1 foot 6 inches=15 feet 
4 inches below the street grade over the point c. The bottom 
of the hole in the cellar wall should be a little higher than this 
to allow a proper pitch down to the street sewer. If the dis- 
tance of the cellar wall from the sewer is 50 feet, a pitch of 1 foot 
will be sufficient to insure good drainage. The bottom of the 
hole, therefore, should be located 15 feet 4 inches—1 foot 
= 14 feet 4 inches below the surface of the street over the point c. 


85. To mark off the hole at the cellar wall, a level line is 
run from the street grade over the point c to a point over the 
cellar wall f, as shown at g and h in the cross-section in view (c). 
Then 14 feet 4 inches is measured downwards and the position 
of the bottom of the hole is marked off, as at z. If surveying 
instruments are used, the holes can be located more easily and 
quickly. The method given shows how they can be located 
without instruments. 


DEFECTS IN SEWER CONSTRUCTION 


86. Chokage of Drains and Sewers.—The causes of 
chokage of drains and sewers are numerous. Some drains 
become choked at regular intervals due to slow accumulations 
of grease and sediment discharged into them. Other obstruc- 
tions, however, work into the drain through defective joints 
or cracks. Chokage by grease can be avoided by the use of 
proper grease traps attached to the waste pipes of the kitchen 
sinks and laundry tubs. Chokage by sediment can be pre- 
vented by giving the drain or sewer a pitch that will produce 
a velocity of flow sufficient to wash the sediment and other 
solids forwards. If the proper pitch cannot be obtained, a 
flushing tank should be constructed at the highest end of the 
drain and allowed to discharge into it automatically and at 
regular intervals, perhaps once or twice in 24 hours. This 
action will wash out the contents of the drain. 


87. Defective Joints.—Defective joints, like the one 
shown in Fig. 27, are probably the most common cause of chok- 
age in earthenware drains. The spigot end a should have been 


§$ 47 DRAINAGE AND SEWERAGE 49 


raised until the axis of the pipe was in line with that of the other. 
This arrangement would have prevented the cement, of which 
the joint is made, being pushed through, as at b, and dripping 
on the bottom of the pipe, as at c, thereby forming an obstruc- 
tion to the flow of the 
sewage. 


88. Fig. 28 shows 
how a drain or sewer may 


and gravel. The work- § 
man has failed to cement 
the bottom of the joints. 
The liquid sewage flows 
out at some of the joints, 
2S Bip ton, Pavel iweyeasks Fh 
current under the pipe that carries sand and mud with it. If 
this water enters the pipe at any of the other open joints, as 
at b, the sand will accumulate in the pipe at c or elsewhere 
and ultimately choke it at the nearest place where the pitch 
is too small for the sand to be washed forwards. 
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89. Fig. 29 shows how a drain a may be choked by tree 
roots if the joints are not carefully cemented. The roots, 
particularly of the willow and poplar trees, grow toward water. 
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Their delicate extremities will enter a sewer pipe through very 
small holes, as shown at b, ultimately choking the pipe by the 
growth of small fibrous roots, as at c. To avoid this chokage, the 
joints must be thoroughly cemented all around or cast-iron pipe 
with leaded jointsshould be substituted for the terra-cotta pipes. 
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90. Leaking Sewers.—Sewers in the vicinity of wells 
must be made perfectly water-tight and of durable material. 
Earthenware is not sufficiently reliable for this purpose. Iron 
pipe, preferably extra-heavy cast iron, should be used. If 
sewers leak in the vicinity of wells, the water supply is very liable 
to be poisoned by mixture with the leaking sewage, which soaks 
down through the ground until it reaches the body of water 
from which the well is supplied. The safe distance for an 
earthenware sewer pipe from a well depends on the formation 


Fic, 29 


of the ground. In some cases 100 feet is quite safe, while in 
other cases 300 feet may not be safe. The safest plan is always 
to use iron pipe where there is any doubt. 


91. Inadequate Sewers.—If sewers are made too small 
to remove freely all the surface water and sewage that flows 
into them, they fill up during heavy rain storms. By the 
pressure due to the hydraulic head thus created, sewage is 
forced back into the branches that connect the houses to the 
sewer and caused to overflow into cellars through floor strainers, 
water closets, or laundry tubs. To prevent this trouble, 
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backwater traps or check-valves should be placed on lines 
that may be flooded by sewage. Care, however, must be taken 
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to see that the rain-water leaders are connected to the sewer 
side of these check-valves; otherwise, roof water from the 
building itself will overflow the fixtures and flood the cellar. 
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92. Fig. 30 shows how a building may be protected against 
sewage matter backing up into the house drains and over- 
flowing the fixtures that may be located in the cellar or base- 
ment. The street sewer a is assumed to be too small. The 
storm water flows into it from the street gutters so rapidly that 
the sewer becomes entirely filled with water; and pressure of 
water from street gutters and roof leaders of the neighboring 
buildings causes the contents of the street sewer a to back up 
the house sewer b, flow through the main drain trap c, and 
escape into the building from the lowest opening. In Fig. 30, 
which shows a plan of the pipes in the cellar of an ordinary 
double house, are shown six places where sewage may escape 
and flood the cellar, namely, two sets of laundry tubs, two sinks, 
and two floor strainers. As the floor strainers are lower than the 
other openings, the sewage would gush up through them first. 
To avoid this, a check-valve may be located at d, or it may con- 
stitute part of the trap. If the floor strainers are properly 
protected by check-valves, the next trouble will come from the 
sinks and tubs; they will fill up with sewage and overflow on 
the floor. The sinks, being lower than the tubs, will overflow 
first. To prevent this trouble, the waste pipes of these fixtures 
must also have check-valves at the points e and f. Then, the 
nuisance will remain remedied until the valves’ get out of order 
or are choked up. 


93. It is mistaken economy to use only one check-valve 
for the whole house, placing it on the main line, at or near 
the main drain trap, because, while it may keep back sewage 
from the city sewer, the roof leaders g and the discharges from 
the other pipes in the building would certainly flood the cellar. 
The back pressure of the sewage in b would hold the check- 
valve so tightly closed that the sewage in the main drain h 
would not open it until the storm was past and the sewer 
relieved. 


94. Proper Location of Leader Traps.—In Fig. 30 
are shown the traps just inside the cellar wall. There are 
many cities that prohibit the placing of traps at the points 
shown on the plan, and insist that the traps be placed as close 
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to the main drain line as possible. In Fig. 31 is shown 
the cellar work put in to comply with the rules and regulations 
of such cities. In Fig. 32 (a), (6), and (c) are shown the 
laundry trays, sinks, and cellar, or floor, drains connected to 
backwater valves to prevent the flooding of the cellar through 


KK Tubs Ry uz S ees Z KKK Rx 


Bosin Stack 


these fixtures. These valves need be used only where there is 
danger of backwater. The cellar drains are differently 
installed on the plan shown in Fig. 31 than on the plan shown 
in Fig. 30. The connection, instead of being on the inside or 
between the main drain and the leader trap as in Fig. 30, is 
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on the outside or between the leader trap and the outside 
wall. Connecting the drain in this manner protects it doubly, 
for if the cellar-drain trap drys out there will be water as a 
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general rule in the leader trap. In case of a prolonged drought 
particularly, there is danger of the traps drying out, and when 
there is the least odor due to this cause, water should be put 
into the traps. 


SEWAGE DISPOSAL 


METHODS OF DISPOSAL 


CESSPOOLS 


INTRODUCTION 


1. The disposal of sewage is accomplished in various ways. 
Tn cities or large towns the sewage is drained into sewers and 
carried into streams or other bodies of water or to disposal 
plants. In the absence of a sewerage system the sewage is 
discharged into cesspools or septic tanks, or else it is treated 
by chemical precipitation. 


2. Cesspools are holes excavated in the ground for the 
purpose of taking care of the sewage. They are at best a 
makeshift and should be used only as a last resort. The 
drainage from a cesspool will foul the ground for a consider- 
able distance, often reaching into cellars and into wells from 
which water is drawn for drinking purposes. Wood should 
not be used in the construction of a cesspool, because the wood 
will soon rot and the sides and top cave in. The proper 
method of construction is to wall the sides and place a large 
flagstone on top, in which is cut a hole to allow the cesspool 
to be emptied and which is fitted with a perforated iron cover. 
A vent is run from the cesspool away from the house so that 
gas or foul air cannot accumulate. 

If there is no danger of contamination of the drinking water, 
the cesspool may be excavated, in a circular form, from 8 to 
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12 feet in diameter, and to a depth sufficient to reach an absor- 
bent stratum. In sandy or gravelly soil, such a cesspool will 
dispose of waste liquids of the house for a long time; however, 
in the course of years, the earth around it becomes permeated 
by the solid matter in the sewage and a new cesspool should 
be dug. 

In clayey soil, no leaching or absorption of the sewage by 
the soil takes place, and the cesspool fills up like a tight cis- 
tern and overflows. The simplest way to dispose of the sewage 
in such a case is to pump it out and use it as a fertilizer in the 
garden or on meadow land. 


LEACHING CESSPOOLS 


3. In order that the sewage may properly filter away after 
being discharged into it, the cesspool should be built in ground 
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composed of gravel, loose stone, or coarse sand. Fig. 1 shows 
an ordinary leaching cesspool built in loose sandy soil and 
gravel. The bottom of the cesspool extends about 1 foot into 
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the gravel, as shown at a. The side walls b are built of stone 
without mortar. The top is arched over with bricks laid in 
mortar, as shown at c. A 20-inch glazed tile pipe d, used for 
the manhole, is provided with a cast-iron cover e having per- 
forations through which air is admitted. The inlet pipe f 
should extend inside the cesspool far enough to prevent the 
sewage matter falling on the wall of the chamber and closing 
the crevices between the stones. Gases from the cesspool are 
prevented from entering the house drain by the running trap g, 
while the pipe serves to supply the drain with fresh air. A 
clean-out cap is placed in the upper end of the pipe z for access 
to the trap. 


4. Leaching cesspools, when newly built, effect some purifi- 
cation and filtration of the household wastes; but when they 
have been a long time in service the pores of the soil become 
clogged and the soil is gradually saturated with sewage matter, 
which undergoes a slow process of decomposition. Gases are 
thus generated and given off at the surface. For this reason 
cesspools should be located as far as possible from all dwellings, 
and also because the liquid that seeps into the soil may reach 
some subterranean fissure or stratum, along which it moves 
and finally empties into some spring or well. Outbreaks of 
typhoid fever, caused by drinking water contaminated in this 
manner, have often been traced to leaching cesspools. 


5. The size of a leaching cesspool will depend on the nature 
of the soil, the number of fixtures to be discharged into it, and 
the number of people occupying the house. For an ordinary 
two-story dwelling, if the cesspool is made in loose soil, it may 
be from 4 to 6 feet in diameter and from 6 to 10 feet deep. It 
should be made at least 1 foot larger each way, if the soil is 
composed of clay and sand. 


TIGHT CESSPOOLS 
6. A simple form of cesspool sometimes used in clayey 
soil where the liquids will not filter away, or in loose soil where 
it is not desirable to pollute the soil with sewage, is so similar 
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to that shown in Fig. 1 as not to require a separate illustration. 
The construction differs only in that the tight cesspool is built 
of bricks laid in cement mortar. The inside is finished with a 
coat of Portland cement to make it water-tight. The cover 
is made of cast iron and perforated. When tight cesspools 
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become filled, the sewage must be pumped into barrels, dumped 
on farm land, and plowed under. 

Tight cesspools should be made with great care, to avoid 
any possibility of leakage, and should be located as far from 
dwellings as possible. The dimensions of tight cesspools may 
be about the same as those of leaching cesspools built in sand 
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soil. A tight cesspool should be thoroughly disinfected each 
time it is emptied. 


7. A good form of tight cesspool, shown in Fig. 2, con- 
sists of two compartments, an intercepting or settling cham- 
ber a, and a liquid chamber b. The compartments are made 
circular in plan, the walls being 8 inches thick and built of hard- 
burned bricks laid in hydraulic-cement mortar. The floors 
and walls are finished with a strong coating of cement; both 
chambers are made perfectly water-tight, and arched over as 
shown. ‘The manholes d are carried to the surface of the ground, 
and provided with tight-closing cast-iron covers e fitted into 
pavement slabs f. The chambers a and b are connected by a 
4-inch overflow pipe g of extra-heavy soil pipe, which extends 
about 2 feet below the surface of the water in the chamber a, 
to prevent the scum from being drawn into the overflow pipe; 
the sewage enters the settling chamber through the house 
sewer 7. A pipe for ventilating the chambers is shown at h, 
which should terminate at a point where the odor will not be 
objectionable. 


8. The separation of the liquid and solid matter facilitates 
the disposal of both. The liquid can be pumped out and used 
to sprinkle and irrigate the lawn or garden. ‘The solid matter 
can be removed and put under the soil as fertilizer. The 
size of the chambers depends on the size of the house, the num- 
ber of occupants, number of fixtures, and the amount of water 
used daily. For an ordinary residence containing two bath- 
rooms, laundry tubs, etc., the intercepting chamber a should 
be about 4 feet inside diameter, and 5 feet deep from the over- 
flow g to the bottom of the chamber. The chamber b should 
be about 6 feet inside diameter, and 8 feet deep from the over- 
flow line to the bottom of the chamber. ‘The sizes of the cham- 
bers should, however, be modified to meet the requirements 
of each case. 

The principal objections to this form of cesspool are: First, 
if it is built of moderate size, and absolutely tight, as it should 
be, it requires considerable attention and expense; second, if, 
on the other hand, the dimensions are increased to avoid 
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frequent cleaning out, the danger arising from stagnant sewage 
is also increased. The cesspool should be cleaned and dis- 
infected at frequent intervals. 


DISPOSAL INTO BODIES OF WATER 


9. Discharge Into Streams.—A common method of dis- 
posing of sewage is to discharge it into a near-by stream or other 
body of water. This method of disposal is convenient, cheap, 
and, under proper conditions, permissible, provided that the 
sewage forms only a small percentage of the total volume of 
water into which it is discharged. 

Where a large volume of running water is available, sub- 
urban residences may discharge their sewage into it without 
danger of polluting the water, as a large volume of water tends 
to dilute and purify the stream, rendering the sewage innocuous. 
However, sewage from villages and estates should not be dis- 
charged directly into small streams, as the water may become 
so polluted as to wholly unfit it for the use of persons dependent 
on the stream for their water supply. 


10. Discharge Into the Sea or Lakes.—The discharge 
of sewage directly into the sea or a lake is apparently an easy 
way of disposing of it. However, this plan is not always a good 
one, as much unpleasantness is frequently experienced by the 
floating sewage matter returning to the shore with the tide, 
or by the action of the currents, wind, or waves, thus rendering 
the beach useless for bathing and other purposes. If a bathing 
beach adjoins the sewer outlet, it is advisable to intercept the 
solids and sludge in the sewage, and thus allow only the liquid 
sewage to discharge into the water. If further purification 
of the liquid sewage before it enters the stream or lake is desired, 
this can be effected by a chemical treatment in which the solids 
are precipitated to the bottom by mixing chemicals with the 
liquid sewage in the tank. The chemicals precipitate not only 
the solid matter, but also a portion of the matter held in solu- 
tion. Various chemical processes are employed, a large num- 
ber of which have been patented. The effluent from sewage 


$ 48 SEWAGE DISPOSAL 7 


clarified by any process of chemical precipitation, is, however, 
far from being pure water, and is liable to decompose after 
its discharge. Moreover, the addition of the chemicals used 
is more or less deleterious to the water. This method of puri- 
fication is not of itself sufficient where the effluent is to be dis- 
charged into a stream from which a water supply is obtained. 
Chemical treatment is principally employed in the sewage- 
disposal plants of cities. 


APPLICATION TO THE SOIL 


11. The application of sewage to the soil is one of the most 
satisfactory and effectual means of its disposal, provided that 
the sewage is applied to the top earth where it can be absorbed 
by vegetation, and that the volume of the sewage is not enough 
to flood the ground. 

A wide range of methods and materials are employed in 
the design and construction of those sewage-disposal systems 
in which the effluent is discharged into the soil. The main 
object to be attained is to furnish sufficient oxygen to oxidize 
the organic matter suspended in the effluent. 

Two general methods of sewage disposal by application to 
the soil are in use. The one method is called broad irriga- 
tion, and also surface irrigation, and is the process of dis- 
charging the effluent broadly over the surface of the ground; 
the other method, subsurface irrigation, is the process of 
distributing the effluent below the surface of the ground. In 
either case, the sewage should not be applied in such large 
quantities as to saturate the soil. 


12. Surface Irrigation.—The most satisfactory and 
effectual means of sewage disposal, combined with purification, 
where sufficient land can be procured, is surface irrigation. 
It includes a variety of methods that differ in detail; all con- 
sist, essentially, in applying the sewage in such manner and 
quantity as to irrigate and fertilize the soil for the growth of 
vegetation. This method appears to be the most natural and 
economic manner of sewage disposal and purification, as it 
involves the familiar processes of decomposition and growth 
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under natural conditions, and utilizes, by irrigation and fer- 
tilization, the full economic value of the sewage. As only a 
limited amount of sewage can be applied to a given area with- 
out injury to the growing crops, this method requires extensive 
areas; hence, the name, broad irrigation. 


13. An illustration of an irrigation field is shown in Fig. 3. 
A large number of ditches are dug, and corn or other species 
of vegetation is planted in the ground between the ditches. 


Pies 


The sewage effluent is allowed to flow into the ditches at inter- 
vals, and thus to irrigate the ground. In order that renewed 
supplies of oxygen may enter the soil to maintain the oxidizing 
processes, the application of sewage, commonly spoken of as 
the dose, must be intermittent. 


14. The sewage is flooded on ground that has been pre- 
pared for the purpose and thoroughly underdrained, and is 
filtered by passing downwards through the soil to the drains. 
The filtration is not merely mechanical, however, but is largely 
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a chemical process. While the soil, to some extent, acts as a 
mechanical filter in straining out portions of the solid matter, 
the purification is chiefly a chemical change, involving oxida- 
tion and nitrification, brought about largely through the agency 
of micro-organisms, called bacteria, contained in the sewage. 
By mtrification is meant the act of slowly oxidizing the nitrogen 
contained in organic matter. Sewage is thus seen to con- 
tain within itself the means of its own purification, and under 
proper conditions to virtually become its own purifier. Under 
the favorable conditions afforded by intermittent filtration, 
purification is effected by the bacteria; and these minute organ- 
isms, having performed their important work, finally succumb 
to the action of the oxygen and wholly disappear. 


15. Subsurface Irrigation.—The organic substances in 
sewage are rendered innocuous by the oxygen in the pores of 
the soil near the surface, and by vegetation, as the roots of grass 
and vegetables are nourished by the organic matter, of which 
the liquid sewage contains more or less. This liquid, in passing 
through the soil, is clarified, to a large extent, by filtration. 
One of the principal considerations, in discharging sewage 
affluent into subsurface drains for absorption by the earth, is 
the uniform distribution of the discharge, to avoid flooding 
any one section of the ground. Aside from the efficiency of 
a sewage-disposal system, it is of great importance, when located 
in the vicinity of buildings, that all parts of the process should 
be free from offense, both to the eye and nostril. 


SEPTIC TANK SYSTEM 


PRINCIPLE OF OPERATION 
16. The septic tank system of sewage purification and 
disposal is a process by which the raw sewage from a build- 
ing, or a number of buildings, is conveyed to a set of collect- 
ing tanks and stored there until the solids have settled to the 
bottom and the floating material has gathered at the top, 
and a septic action has more or less purified the liquid between 
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the sediment and the floating scum. The term sepsis, from 
which septic is derived, means putrefaction, or decomposition 
of animal or vegetable matter, accompanied by fetid odors. 
The septic action, or putrefaction, is produced by a germ growth, 
which is encouraged, as much as possible, by burying the tanks 
underground and preventing the liquids becoming chilled. 

The condition of darkness, no air-currents, and a moderate 
heat caused by decomposition and fermentation, develop a 
large mass of minute organisms known as anaerobic bacteria. 
The chemical action thus developed causes a large portion 
of the sewage to pass off in the form of gases, a small portion 
remaining in the tank as sludge. The effluent flows from the 
tank practically without odor. The septic process is continuous 
and requires no attention except the occasional removal of the 
sludge. The effluent from the tank, being practically odor- 
less, can ordinarily be discharged into an open ditch, or stream, 
that is located at a point lower than the outlet from the tank, 
or it may be run through farmer’s tile pipe and used to irrigate 
a lawn or garden, if on lower ground than the outlet. 


17. Fig. 4 shows a septic tank suitable for a large build- 
ing or country estate. It is composed of three compartments 
built of brick and cement mortar, and made water-tight. 
The left-hand compartment is the raw-sewage receiving 
chamber, the middle compartment is the effluent or liquid- 
sewage collecting chamber, and the right-hand compartment 
is a manhole in which is built an automatic siphon, to siphon 
out the liquid from the middle chamber and discharge it through 
the outlet pipe, as shown. This pipe is continued to whatever 
point may be selected for its outlet. The receiving chamber 
is divided into two parts a and b by a brick wall that termi- 
nates at the overflow line, as shown. The sewage enters a 
through a 5-inch drain pipe c, which turns down and extends 
about 1 inch below the surface of the water so as to prevent 
air from the chamber entering the house drain. If the pipe 
extends too far below the surface, grease will accumulate and 
obstruct the drain; but, if it extends only slightly below the 
water level, the flow of sewage from an ordinary house will 
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keep the pipe clear. The division wall holds back most of 
the solid matter and scum; the liquid portion flows into the 
compartment b, over the top of the wall in a thin sheet, in 
such a way as not to disturb the contents in b. The agitation 
caused by the inflowing sewage being confined to the cham- 
ber a, the solids suspended in the liquid contents of the cham- 
ber b settle quietly to the bottom. The liquid overflows 
from b into the collecting or discharge chamber d through a 
4-inch pipe e, which extends deep enough into the water to 
prevent the scum or solids on the surface from being carried 
into the discharge chamber. The chamber d should be large 
enough to hold sewage supply for about 12 hours; it is pro- 
vided with an automatic siphon f located in a separate cham- 
ber g, which location renders the siphon accessible for repairs. 
The siphon shown is known to the trade as the Rhoads-Williams 
siphon; the connection to the tank is made funnel shape so 
as to take the inflow readily. 

The action of the siphon depends on the sudden releasing of 
compressed air between the inflow i and the deep trapz. When 
the water rises sufficiently in d to compress the air in f enough 
to force the water in the blow-off trap 7 to the bottom of the 
seal, the water is blown from j into the sewer pipe / and the air 
pressure in f is suddenly released; the water in d then rushes 
suddenly into the siphon, bringing it rapidly into action and 
thus emptying the chamber d through 1. When the chamber d 
is nearly emptied, the siphonage is gradually broken by the 
admission of air through the pipe k. 

Since the solid matter is held in the settling chamber, it 
is not ordinarily found necessary to clean out the discharge 
chamber; although the putrid sewage contains more or less 
fine matter, the quantity is not sufficient to interfere with 
the action of the siphon or the proper operation of the absorp- 
tion drains. 


18. Among other forms of septic tanks on the market, 
may be mentioned the Nelson septic tank, which is a continuous 
flow tank. This is made oblong with a rounded top; the bot- 
tom of the tank is placed about 5 feet below the frost line, 
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The sewage from the building passes slowly through the tank 
and, after undergoing a decomposition of the organic matter, 
is discharged through a pipe to a point of disposal best suited 
to the existing conditions. The process in this, as in other 
septic tanks, is to hasten the natural decomposition and to 
liquefy all animal and vegetable matter as quickly as possible. 
The more that the solids are thrown into solution, the less will 
be the formation of sludge in the tank. The sewage thus freed 
from the solid matter passes from the tank in a continuous flow. 


19. <A form of siphon tank in common use for septic-tank 
systems employs the Muller automatic siphon, and is shown 


Fic. 5 
in Fig. 5. The tank consists of two parts, a receiving, or set- 
tling, chamber a, and a liquid, or discharge, chamber b, in which 
the siphon is located. The siphon consists of two parts, a 
discharging limb, or deep-seal trap, c and the intake bell d, 
which is placed over the long leg of the siphon and held in place 
by its own weight. The sewage flows into the settling cham- 
ber through the pipe e at a point near the surface of the water, 
as shown. The liquid overflows into the discharge chamber b 
through the trapped pipe f. The water gradually rises above 
the edge of the bell d and compresses the air within the long 
leg of the siphon; the trap being filled with water, the air is 
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prevented from escaping. As the water rises in the tank, the 
confined air gradually forces the water out of the trap until a 
point is reached when the air is just about to escape under the 
lower bend j. Since the difference of the water level in the two 
legs of the trap equals the difference of the levels between the 
water in the tank and the water within the bell, the column 
of water in the short leg g has practically the same depth as 
the head of the water in the tank, above the level at which the 
water stands in the bell. The two columns of water balance 
each other at a certain fixed depth in the tank, but as soon 
as this depth is increased by further supply of water, how- 
ever small, a portion of the air confined in the long leg is forced 
around the lower bend. By its upward rush in the short 
leg g, this air carries with it a portion of the water, thus 
destroying the equilibrium, and the siphon is brought into 
full action, drawing the water out of the tank until it nearly 
reaches the bottom of the bell d, when the siphonage is 
slowly broken by the admission of air through the pipe h. 
The operation is then repeated. The free projection z of the 
short leg of the trap allows the instantaneous escape or falling 
away of the heaved-up water. If the discharge mouth 7 were 
formed as ordinary bend, the siphon would not work. 
although the confined air rushed around the lower bend, for 
the reason that the heaved-up water would have no means of 
instantaneous escape, and therefore the equilibrium would 
not be sufficiently disturbed to set the siphon in operation. 
The action of the siphon will thus be seen to depend not only 
on the escape of air, but also on the sudden reduction of pressure 
by the counterbalancing column of water in g. 


20. Absorption Drains.—The pipe leading from the 
house to the tank and from the tank to the filter bed, or other 
point of outlet, may be of glazed tile, the joints being well 
cemented. The fall of the main drain from the tank, after 
coming within 20 feet of the absorption tile, should not be more 
than 1 inch in 25 feet. The absorption lines should have a fall 
of not more than 1 inch in 50 feet. If a greater fall is given, 
the sewage may be carried to the far end of the line, and, if 
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the line is long, the sewage is liable to break out at the surface. 
The absorption drains are made of ordinary field tile 3 inches 
in diameter and 1 foot in length. They are laid in tile gutters, 
as shown at a, Fig. 6; a }-inch space is left between each sec- 
tion of tile, the space 
being protected from 
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or cap b. The gutter 
and cap are made of 
a larger radius than 
the outside of the 
absorption tile, sothat 
practically the whole joint is available for the escape of sewage 
into the ground. The gutters are laid about 12 inches under 
the surface of the ground. 
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21. The amount of absorption tile required in a reason- 
ably porous soil is about 1 foot for each gallon of water dis- 
charged from the chamber. If the soil is heavy, the length 
of the tile must be increased. 

Clayey soil is not suitable for subsurface irrigation, and 
should not be used; but when no better soil can be obtained, 
at least 3 feet of tile drain should be provided for each gallon 
in the tank. 


22. In designing the absorption bed, the tile can be run 
in one continuous line, or a number of short lines may branch 


off from the pipe leading from the tank by using eccentric Y 
branch fittings, as shown in Fig. 7, placed about 3 feet apart. 


23. Stepped Trunk Lines.—When the disposal field is 
arranged on a hillside, the distributing main, or trunk line, 
where the field tile branches are taken off, cannot be laid to 
follow the natural surface of the ground, because at each dis- 
charge of the siphon the sewage would flow with great force 
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directly to the lower end of the bed and burst through the 
ground. ‘This difficulty can be overcome by stepping the drain, 
as shown in Fig. 8, by the use of special drops. The drops are 


Fic. 8 


of vitrified-tile pipe made in one piece, having a hub and spigot 
ends. Between the drops are placed special drainage fittings 
or branches, which are made right and left. The bottom of 
the 3-inch branches for receiving the absorption tile are on the 
same level as the bottom of the trunk line itself. Thus, water 
flows as easily into the upper branches that supply the upper 
rows of field tile as it does into the lower branches, and a uni- 
form distribution of effluent to all the field-tile lines is insured. 


DISPOSAL FIELDS 


24. Figs. 9 and 10 show two methods of applying a system 
of piping according to the variation of the ground. In Fig.9,a 


septic tank located at a receives the sewage from the drain b 
leading from a large house. The irrigating or disposal field is 
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located on a flat plot of ground. A 4-inch main drain c is laid 
from the tank through the center of the bed. At intervals of 
about 3 feet, Y branches, as shown, extend from the drain. 
From the branches run lateral lines d that are made of 3-inch 
field tile laid 10 or 12 inches below the surface of the ground, 
supported on tile gutters, and covered with about 6 inches’ of 
stone, which permits a large volume of air to immediately attack 
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the sewage, throwing off therefrom hydrogen and nitrogen, the 
nitrogen being absorbed by the roots of plants in the soil above. 
On a level surface the branches are run straight, as shown. 


25. In Fig. 10, the flush tanks receive the sewage from 
the house a; the house sewer b runs in a direct line to the septic 
tank c. At the point d, the main drain turns at an angle and 
has three outlets to be used alternately; the first e communi- 
cates with the parallel drains f at the bottom of the field; the 
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second g runs parallel with e and feeds the two absorption 
drains h; the third 7 connects to the three lines 7. These lines 
are made shorter, but they have the same aggregate length 
as the lines h and f. The house is located on a knoll or hill. 
The pipes are carried around the hill, to conform with the con- 
tours of the ground, in such a manner as to obtain the required 
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downward inclination, or fall. The dotted lines show where 
the surface of the ground would be intersected by imaginary 
horizontal planes 1 foot apart; these lines also indicate which 
way the ground is inclined. The flow of the sewage to each 
system of absorption drains is controlled by the gate valves k, k’, 
and k’’. The septic tank can be placed at any desired distance 
from the building, and the field may be located at any distance 
from the septic tank when a proper fall can be obtained. 
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26. A modification of the system shown in Fig. 10 con- 
sists in making the absorption tile larger and of horseshoe 
shape, and laying it in trenches filled with broken stone or 
coarse gravel. The capacity of the tile and the space between 


. 
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the stone should be large enough to receive the full contents 
of the tank. Figs. 11 to 13 show, in cross-section, horseshoe 
tiles laid in trenches and surrounded with stone. 


27. In Fig. 11, the ground is of a porous and absorbing 
nature, and has a gradual incline, as shown. In Fig. 12, the 
under soil a is heavy, non-absorbing, and nearly level. The 
entire field is underdrained at b. The absorption bed c is made 
of gravel; low ridges d are formed over the tile, as shown. 
Purification takes place in the porous and well-ventilated mate- 
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rial of the absorption bed. The clarified water sinks into the 
underground drains b, and is conducted to some convenient 
point of discharge. This arrangement is used for filtration 
of the effluent rather than for irrigation. 


28. Fig. 13 shows, in cross-section, a filter bed located on 
a hillside. As the soil is composed of impervious material, 
such as clay, the surface is covered with coarse sand and gravel a. 
The bed is divided into sections by clay banks b underneath 
the gravel at the foot of each section. The sewage is delivered 
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into the tile and stone drains c at the upper part of each sec- 
tion, and thus becomes purified before it reaches the bank 
below, or is held by the bank until disposal by evaporation or 
by subsurface drains similar to those shown at b, Fig. 12. 


29. Fig. 14 shows a subsurface sewage-disposal system 
for a number of buildings, including a large dwelling, a house 
for the superintendent, several small cottages, shops, barns, 
etc.; also, a railroad depot. As the wells located near the super- 
intendent’s house supply the estate with water, the sewer, 
indicated by the heavy solid line a, near the buildings is made 
of extra-heavy 6-inch cast-iron pipe with calked joints. From 
the depot, and at a point b near the railroad, the pipe is con- 
tinued to the disposal fields with glazed tile having the joints 
carefully cemented; this continuation is indicated by double 
light lines. 

Two disposal fields, marked No. 1 and No. 2, are each sup- 
plied by a separate pipe joining the valve chamber c. The 
sewers are provided with manholes and lampholes at all changes 
in direction, to permit thorough inspection and ready removal 
of obstructions. The upper ends of the two sewer lines are 
supplied with washout connections d, which are brought to the 
surface and sealed with a brass screw. By removing the screw, 
the sewer can easily be flushed with water from a fire-hose as 
often as required. The septic tank and two discharge tanks 
are locatéd at c’, from which the sewage is automatically dis- 
charged into subsurface irrigation beds, situated on flat land 
at ¢. This land is composed of coarse sand and is located 
about 300 feet from the septic tanks. The disposal beds are 
laid out in duplicate, and the delivery to each bed is provided 
with gate valves, so that the dose can be turned on either bed 
at will. The valves in the valve chamber at ¢ are so arranged 
that both tanks can be discharged into either pipe leading from 
the tanks to the disposal fields. By operating the valves in 
the chamber c and the valves at the disposal fields, the sewage 
can be discharged into either bed or distributed evenly under 
the entire surface of all the beds. The sewage is first turned 
into one-half of disposal field No. 1, for 1 week; it is then turned 
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into the other half of field No. 1, from there to one-half of field 
No. 2, and thence to the other half of field No. 2. With this 
arrangement of the beds and valves, each bed is allowed a 
period of rest, thus preventing the fields becoming saturated 
by the sewage. 


30. Fig. 15 shows details of the tanks and the valve arrange- 
ments as they may be used in the system shown in Fig. 14; 
the tanks are shown in plan in view (a) and in longitudinal 
section in view (b). The general construction is the same as 
that previously described and shown in Fig. 4, the chief dif- 
ference being that this is a double arrangement. Sewage 
from the buildings enters the settling chamber a through the 
pipes b and c, a fresh-air inlet d being attached to each. The 
settling chamber is fitted with two 6-inch overflow pipes e, 
one leading to each of the discharge tanks f/, which are some- 
times called flushing tanks or siphon chambers. The depth of 
the water is from 3 feet to 3 feet 6 inches. Near the bottom 
of the settling chamber are two 3-inch pipes g, with a gate 
valve on each. These are used for emptying the settling tank 
into the siphon tanks when necessary. There is also a 3-inch 
pipe h that connects the settling chamber with the siphon dis- 
charge pipe z, so that the settling chamber can be drawn off 
direct to the disposal fields. But, to prevent h from being 
choked with the sediment that lies at the bottom of a, the inlet 
is taken from a point about 1 foot above the bottom through 
a T and nipple, turned up as shown. The settling-chamber 
ends of the pipes e are located in a recess or pocket, a screen 
being placed over the recess to prevent large solids from enter- 
ing the pipes. The settling chamber is provided with two man- 
holes with tight covers; iron steps are built into the wall for 
access to the chamber. Each siphon chamber is also furnished 
with a perforated or ventilating cover, and steps. ‘Two siphons, 
one for each siphon chamber, are located in the siphon man- 
hole 7, and a 6-inch overflow k connects each siphon chamber 
to the discharge pipes of the siphons. Each siphon chamber 
is connected by a 3-inch drain pipe / and gate valve to the dis- 
charge pipes from the siphons. All the drain, or emptying, 
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valves are placed in the siphon manhole, and in case of leak- 
age, this manhole is drained separately by a 3-inch floor drain m 
that discharges into a blind drain. The concrete roofs are sup- 
ported by steel rails, or I beams, as shown in Fig. 15 (0). 


31. A plan view of the valve chamber c, Fig. 14, is shown 
in detail in Fig. 15 (c). The 6-inch pipes z are the discharge 
pipes from the siphons at the septic tank. They run through 
the valve chamber, which is built of bricks, and are continued 
as straight as possible to the disposal fields. These pipes are 
cross-connected in the chamber and valved with four sliding- 
stem gate valves in such a manner that either or both of the 
siphons can discharge into either or both of the pipes that run 
to the disposal fields, according as the gates are opened or 
closed. In case of leakage, the chamber can be emptied through 
a 38-inch emptying pipe that discharges into a blind drain. 


32. A detailed drawing showing the valves at the inlets 
to the disposal beds is shown in Fig. 15 (d). These valves are 
all quick-closing sliding-stem gate valves, which are better for 
such work than screw-stem valves, because they work under 
a very low pressure and frequently must be closed quickly. 
The valves c, Fig. 15 (d), control field No. 1, and the valves d 
control field No. 2 in Fig. 14. 

The siphons are so arranged that they flush about every 
12 hours, operating alternately every 6 hours. When one 
siphon is emptying, the other is about half filled. 


CONTACT BEDS 


33. The purification of the sewage effluent must frequently 
be carried much further than can be done in the septic tank, 
before the effluent can be discharged at the point of disposal, 
especially when the sewage enters a lake or creek. The prin- 
ciple of operation of the system used in that case is to aerate 
the sewage effluent and thus oxidize the putrescible matter that 
may still remain in the liquid. The oxidation is accomplished 
by the contact of the sewage with air. To properly accomplish 
the contact, the sewage liquid is allowed to flow into beds of 
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broken stone that contain air. The liquid usually remains in 
the bed from 8 to 10 hours and is then drawn off and discharged 
at the desired point of disposal. The stones are then allowed 
to become aerated again while another contact bed is put into 
service. As the time for the contact is an important matter, 
the intervals between the discharges must be regular; hence, 
the siphon used to drain the contact beds should not only be 
automatic, but should go into action regularly at a stated time. 


34. Time Siphon.—Fig. 16 (a) shows a plan view and 
view (b) a sectional view of one section of a filter bed provided 
with an automatic siphon, of the kind just mentioned, for dis- 
charging the contents of the bed. This type of siphon is called 
a time siphon. ‘The tank a is made water-tight and filled 
with granular material, to which the sewage is exposed for the 
purpose of producing bacteriological effect; the sewage is 
discharged from the septic tank, which should be located at a 
higher level, into a. The chamber 6 and the tank a are con- 
nected by a drain tile or underdrain a’ laid at the bottom of 
the tank. This pipe allows the liquids to flow freely into b; 
this chamber is emptied by the automatic siphon shown, which, 
at the same time, draws all the liquid from the tank a. The 
siphon shown is composed of an intake bell c, the mouth of which 
is located near the bottom of the tank as shown, and a discharge 
leg c’, through which the sewage is discharged when the liquid 
seal in the trap is broken. The intake bell c surrounds the 
upper end of the long leg c’.. The operation of the siphon is 
similar to that of the one shown in Fig. 5, except that instead 
of being automatically started by the head of liquid in the 
tank b, it is started by the head of liquid in a separate tank 
containing the time siphon d. The liquid is retained in the 
tank b a certain time after the tank is filled. The siphon in 
the tank b is so proportioned that the highest practical level of 
the liquid in b, in the usual operation of the system, will not 
start this siphon without the aid of the auxiliary siphon d. 


35. The operation of the auxiliary, or timing, siphon d is 
as follows: As the tank a gradually fills with sewage, the 
level of the liquid rises in 6 and consequently in the bell c. 
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The air that is confined between the liquid and the trap thus 
prevents the discharge of the tank until the siphon d is set in 
operation. When the liquid in b rises above the level of the 
pipe e, it flows into the chamber f through this small pipe e, 
which is provided with a valve f’ to control the flow of the 
liquid and the time required to fill the chamber f. Thus, the 
tank a may stand filled for a time, depending on the volume 
of water allowed to pass through e into f. 

While the chamber f is being filled, the liquid rises in the 
bell d and compresses the air in the siphon and the connecting 
pipe g leading to the trap h; the pressure thus produced in the 
siphon d increases until it overcomes the back pressure in the 
principal siphon in the chamber b, when the water in the long 
leg / of the time siphon is forced into the trap h of the principal 
siphon. After the water has been forced from the long leg of 
the siphon d, the pressure is sufficiently increased in the trap h 
to break the seal and start the main siphon, which empties 
the chamber b; at the same time, the time siphon d empties 
the chamber f, discharging into the main siphon. The siphon- 
age is broken slowly by air entering the vent tubes k and 2, 
which insures the trap remaining sealed when the siphons stop 
working. The inlet end of the pipe ¢ is protected by a strainer 7 
that prevents solid matter clogging the cock f’; the clogging of 


this cock would change the time elapsing between flushes. 


36. Multiple Contact Beds.—Fig. 17 illustrates a con- 
tact plant having separate contact beds, and an automatic 
discharging device for controlling the flow of sewage and direct- 
ing it alternately into each bed. In this plant are four beds, of 
which three beds, marked a, b, and c, respectively, are shown. 
The fourth bed and the partition wall between it and the 
bed c have been omitted in the illustration, in order to show the 
construction of the beds and the automatic controlling devices. 
Each bed is made of bricks and cemented water-tight; the walls 
are laid about 30 inches high, and the area of each bed is great 
enough to contain the sewage of about 6 hours’ flow after being 
filled with broken stone to a depth of from 20 to 24 inches. 
The sewage flows by gravity from the septic tank d through 
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the inlet sluice e over the weir f inside the bell g, and then over 
the weir into the inlet locking chamber 7, compressing the air 
in the air bell 7, shown by dotted lines. As the sewage water 
rises in the locking chamber, the air pressure in 7 is communi- 
cated through the pipe k to an inverted bell over the outlet-gate 
weir J. The air pressure depresses the water in the bell, thereby 
lowering the water level below the outlet-gate weir / and thus 
preventing the flow of sewage from the bed. When the cham- 
ber 7 is full, the sewage overflows into the contact bed c. 


37. When the contact bed is full, the sewage overflows into 
the locking chamber m, displacing the air in the air bell n. 
This air passes through the air pipe o to the top of the bell of 
the inlet sluice g, closing it. At the same time, air in the small 
air bell p is displaced and passing through the air pipe qg releases 
the closed sluice gate in the filter bed 6. unlocking the inlet 
and allowing b to take sewage from e. The sewage remains 
in the filter bed c until the timing chamber 7 has been filled 
through the timing cock s, shown dotted, which is set to give 
the desired time of contact. The air in the small bell ¢, when 
sufficiently compressed, unlocks the seal of the outlet sluice 
and the effluent is discharged either to the river through the 
sewer pipe uv, or to secondary contact beds, when a higher 
degree of purification is desired than can be obtained in the 
primary beds shown. The outlet sluice of c remains open until 
the three other contact beds have been filled, when the small 
bell in the inlet locking chamber of the last bed blows the seal 
of the release trap v, thus relieving the air pressure and again 
admitting sewage from e to c. The air supply to » is main- 
tained through uncovering its bottom edge, the chamber m 
being siphoned empty through the siphon w every time the 
liquid is drained from the contact bed. The compressed air 
in the bell g cannot escape through n when m is empty, because 
the pipe o dips into the water on the sluice side of the plate f. 
The pipe x leading from the release trap v connects to the top 
of the bell g. The pipe y connects the inlet end of the release 
trap to the bell in the inlet locking chamber of the bed that is 
not shown. 
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38. In the illustration, the bed not shown may be assumed 
to be in contact, that is, full; the bed c receives the flow of 
sewage and is filled nearly to the locking level: the bed b has 
been resting and aerating and is ready to receive its next dose; 
the bed a is also resting empty, the sewage not removed at the 
first flow draining slowly through the outlet sluice that remains 
open until the next filling. 


39. Septic Tank and Disposal Field for Small Build- 
ings.—In Fig. 18 are shown complete drawings of an inexpen- 
sive septic tank and disposal field for an ordinary building, such 
as a residence having from 10 to 20 rooms. The tank is com- 
posed of such materials as the plumber can easily buy and put 
in place without the assistance of a mason contractor. No 
wooden forms are required for concrete work, as is the case in 
the construction of concrete septic tanks. The general view 
in Fig. 18 shows the locations of the entire plant, including the 
house, two barns, septic tanks, shunt box, and two disposal! 
fields. The other drawings are details illustrating the con- 
struction of the important parts of the system. 


40. The septic tank is of the three-compartment type, the 
first compartment being a settling chamber, the middle com- 
partment a septic chamber, and the last compartment a siphon 
chamber, containing a suitable automatic siphon, which can 
be purchased from manufacturers of sewage siphons. These 
compartments are formed by the use of terra-cotta sewer pipe 
in 3-foot lengths, set on a concrete base at the bottom of a 
hole 8 feet deep in the field, 24-inch pipe being used if the build- 
ing is small, and 36-inch pipe if quite large. It is better to use 
plain pipe rather than branches, and cut holes at the correct 
height to receive the connections as shown, because the T pieces 
depending inside the settling chamber and septic chamber 
are better than connections made by the use of branches. 
They allow a free passage of air all the way from the disposal 
field through the septic tanks up to the roof of the building, 
which helps to aerate the soil of the disposal field and does not 
seriously injure the septic action. Care should be taken tu 
cement the joints of the tank and the holes through which the 
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connections are made with good half-and-half Portland cement. 
In this figure, the siphon chamber is provided with an overflow 
pipe connecting to the discharge from the siphon, and the 
settling chamber and septic chamber are each provided with a 
sludge pipe at the bottom, which is shown closed with a wooden 
plug standing up above the water-line. To clean out these cham- 
bers, the plug is withdrawn and the sediment stirred with 
it. This will throw the sediment down to the disposal field, or 
it may be pumped out and thrown over the land, as desired. 
The septic tank, being in a field, has the top of each chamber 
closed with an iron plate and is covered with 18 inches of soil, 
so that a deep plow can be run over the field without touching 
the tanks; but should it be desired at any time to reach these 
tanks they can easily be located by measurements taken from 
the shunt box up toward the house. The shunt box, being 
necessarily continued above the ground for access when remov- 
ing the plug from outlet to outlet at the bottom, is quite visible. 
The septic tank can also be located by measurements taken 
from the road; also from the corner of the nearest barn. 
These measurements should be recorded on a sketch hung up 
in some conspicuous place in the premises. 


41. The shunt box is composed of one 24-inch length of 
15-inch sewer pipe set on a concrete base. The pipe from the 
siphon comes through the side of the shunt box, and the two 
delivery pipes to the two disposal fields are taken from the 
bottom, the water being switched to either disposal field by 
removing the plug from one bottom opening to another, as 
may be required to give either disposal field a rest. Of course 
in plowing this field the plowman must work around the shunt 
box. 


42. From the road toward the disposal fields the land is 
assumed to slope downwards considerably, and in order that 
the discharge of the siphon may not all flow to the lowest line 
of pipe in the disposal field, the connections are laid to favor the 
upper rows of pipe, as shown in detail at the upper right-hand 
corner of Fig. 18. The flow of water from the tank first nearly 
fills the upper row of agricultural drain pipes in the disposal 
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field, then overflows through the tee and elbow at x, thence 
into the second highest disposal field line. When this is nearly 
full, the water overflows the next tee and elbow shown to feed 
the third line, and lastly the remainder of the flush goes into the 
lower line. The capacity of the field tile in each disposal field 
should fully equal the discharge of the tank, so that each pipe 
will be nearly filled by a single discharge. It may therefore 
be necessary in some cases to tip up the tee and the elbow x, 
which requires some adjustment of the tees after the siphon 
is in operation. To do this satisfactorily the joints of the tees 
should be calked with oakum, the trenches should be left open 
till the adjustment is made by trial, then the joints should be 
cemented in addition to the oakum to hold the tees in place. 
If the water is not intercepted in some way, it will rush to the 
lower pipe line of the field and blow up through the ground, if 
the slope of the hill is quite steep. The siphon is shown to be 
discharging. 


SOURCES OF WATER SUPPLY 


NATURAL SOURCES 


INTRODUCTION 


1. The sources of potable water supply may be broadly 
divided into natural and artificial sources, the dividing line 
between the two not being sharply drawn, however. Custom 
classifies wells, springs, streams, rivers, lakes, and rain as 
natural water-supply sources, and limits the term artificial 
source to large reservoirs, built by man, that draw their supply 
from the natural sources. A supply of potable water can be, 
and occasionally is, produced on a small scale by the distilla- 
tion and subsequent aeration of water normally unfit for drink- 
ing, cooking, and other domestic purposes, such as sea-water; a 
water supply thus obtained is, truly speaking, an artificial one. 

Reservoirs, when the topographical and other conditions 
permit it, are located above the level of the city, town, vil- 
lage, or buildings they supply, in order that the water drawn 
from these may flow through the mains by gravity; in many 
cases, however, reservoirs must be located at such a low eleva- 
tion that the water must be pumped from them to its destina- 
tion. Whenever possible, the location of a reservoir is also 
so chosen that it will receive its water supply from the natural 
sources of gravity; should conditions prohibit such a location, 
the water must be pumped from its source to the reservoir. 

In cases where it is necessary to pump the water to a city, 
etc., from a reservoir or from natural-supply sources, the pumps 
usually deliver the water into standpipes erected in suitable 
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locations. Standpipes are used to relieve the distributing mains 
of undue stress to which they are subjected when the pumps 
deliver the water directly into the mains. If a standpipe 
or reservoir is not used in conjunction with a pumping system, 
high-grade relief valves should be used to break the excess 
pressure, otherwise considerable damage may occur to house 
systems, where hot-water boilers are installed. 


2. Water-Supply Contamination.—Where any doubt 
exists as to the purity of the water supply for drinking pur- 
poses, it should be distilled or scientifically treated so as to 
remove all danger of transmitting disease. The necessity for 
securing a good wholesome supply of water and safeguard- 
ing it in every possible way to maintain its purity, cannot be 
overestimated, considering that drinking water is the source 
of many disease epidemics now prevalent. Instances can be 
cited where epidemics of cholera, typhoid fever, and malaria 
were traced to an infected water supply. 


3. Spring waters and also artesian-well waters, due to 
having filtered through the earth, together with the germicidal 
action of time, are usually clear of all impurities, except 
certain harmless minerals dissolved from. the strata through 
which they have percolated. 


4. Well waters, in densely populated districts, should 
be regarded with suspicion, and, if cesspools or outhouses 
are found in that neighborhood, the waters should not be 
used unless a chemical and bacteriological examination 
has shown them to be uncontaminated. As long as the source 
of danger exists there is a liability of the pollution working its 
way to the wells and contaminating the water. 


5. Lake and river waters are seldom free from contamina- 
tion. ‘There are many instances where epidemics have been 
traced to the excreta of a single typhoid patient, which had been 
carelessly thrown where it eventually was washed into a water 
supply. Cities, villages, and country dwellings along the shores 
may empty their sewage into the waters, and the surface 
washings from the adjacent territory are added to the filth 
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of the already polluted stream or lake. Formerly it was 
thought that running water purified itself and that a few miles 
below a source of pollution the water would be fit for use again. 
Investigation, however, has disproved this hypothesis. It is 
now known that running water only effects a partial clarifica- 
tion by dilution, and that within 20 miles of the source of con- 
tamination slow-running river water should not be used, while 
with swift-current rivers the minimum limit should be 30 miles. 
Even then, waters from an acknowledged contaminated source 
should not be used without previous filtration. Lake waters 
are clarified much quicker than river waters; in still lake waters, 
free from currents, the range of poliution is usually confined to 
the vicinity of the sewer outfall. Sedimentation is the chief 
factor in clearing lake water of sewage. The large particles 
fall to the bottom, and in falling carry with them smaller par- 
ticles with which they come in contact, thug effecting a still 
further clarification. 


6. From whatever source water is derived, it should never 
be adopted for domestic supply without first being subjected 
to a chemical and bacteriological examination. When an 
examination of water is to be made, the analyzing chemist 
or his assistant should collect the samples himself. Every 
opportunity should be given him to study the conditions sur- 
rounding the source of supply, as it will enable him more intel- 
ligently to interpret the analysis on which is based his report. 

If samples of water are to be sent to a chemist for analysis, 
great care should be exercised to see that the collecting ves- 
sels are thoroughly sterilized before they are filled with water. 
It is customary to use for sample jars, jugs of glazed earthen- 
ware or glass bottles of 1-gallon capacity, sealed by glass stop- 
pers. Accompanying the samples should be a minute report 
of the conditions surrounding the water at the time of obtaining 


the samples. 


7. The principal sources of the contamination of shallow 
wells are leachy cesspools, privy vaults, and defective sewers. 
Fig. 1 shows how a well can be contaminated from a leachy 
cesspool. The cesspool a is extended down to a porous stratum 
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of sand, which is also pierced by the driven well c. The walls 
of the cesspool are lined with stones laid without mortar, so 
that sewage b can escape to the soil and the liquid portions 
can leach away. But in doing so they follow the natural slope 
of the stratum to the well and are pumped out again in a diluted 
form in the water drawn for domestic use. 


8. Wells are sometimes contaminated by sewage from 
nearby defective sewers. When run close to wells, cisterns, 
springs, or other sources of water supply, the sewer should be 


constructed of iron pipe, and the joints made perfectly water- 
tight. Another source of contamination of wells is around the 
top; they are often covered with planking laid with wide cracks 
between the boards. Filth of various kinds is then washed 
into the well by the waste water from the pump. The top of 
a well should be elevated above the surrounding earth and 
should be covered with a broad flat stone, so that all waste water 
trom the pump will be carried some distance away and cannot 
again enter the well without passing through several feet of earth. 

When a well is suspected of contamination from a cesspool 
or privy vault, the truth can be determined by emptying into 
the suspected source of pollution a large quantity of salt water. 


g 49 
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If within a reasonable length of time, varying from a few hours 
to a few days, depending on the distance of the well and density 
of the ground, the well water shows, by-taste or by chemical 
examination, an amount of chlorine over the normal, it will be 
almost conclusive evidence that the suspected well is being 


contaminated. 


SUPPLY FROM WELLS 


9. Open Shallow Wells.—Country buildings and insti- 
tutions are seldom so situated that water mains can be con- 


veniently extended to 
them from the nearest 
city system. There- 
fore, in the absence of 
a spring, stream, or 
lake on or near the 
premises, resort is 
usually had to wells 
for the supply of water. 
The simplest form of 
well is an open shallow 
well, shown in section 
in Fig. 2. It consists 
of a circular pit a dug 
vertically into the 
earth several feet be- 
low the level of ground 
water. Its sides are 
usually lined with 
stones b or bricks laid 
without mortar, and 
the top is covered 
water-tight with a flag- 
stone c, or arched over 
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with brick laid in cement mortar. The earth should slope from 
the mouth of the well to prevent its contamination by the 
entrance of surface water. 
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In localities where ground water is low, being more than 
12 feet from the surface, shallow wells usually provide a whole- 
some supply of water, if no cesspools or privy vaults are near 
to contaminate them. Where the ground water is high and 
the soil saturated with water, sufficient filtration does not take 
place before the surface water reaches the well, and water from 
shallow wells in such localities, while abundant, may not be 
wholesome. 


10. Open Deep Wells.—The onzy real difference between 
open deep wells and open shallow wells is the greater depth the 
former must be extended to tap water-bearing strata. Deep 
wells are usually lined above the water level with curved bricks 
to withstand the pressure of the earth and prevent the walls 
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from caving in. Wells of a greater depth than 25 feet may be 
considered as deep wells; when less than 25 feet deep, they are 
shallow wells. Both open deep wells and open shallow wells 
derive their supplies principally from rain water that falls in 
the immediate neighborhood and percolates through the porous 
strata to the water vein. 


11. Artesian Wells.—An artesian well, in its true sense, 
is a spouting well bored down to a deep water vein within which 
there is sufficient water pressure to force the water out at the 
surface. The term artesian well is also applied to any deep 
well that is bored through an impervious stratum to a water- 
bearing stratum below. 

The supply of water for artesian wells is usually derived 
from a distant source and conducted between impervious 
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strata of rock or clay to the point of interception. In Fig. 3 
is shown an artesian well a that derives its water from a porous 
stratum 6 outcropping on the farther side of a mountain range. 
Water falling there on the stratum b becomes confined between 
the impervious strata 
CanasaGtandeat ivari= 
ous points of the 
stratum b has a hydro- 
static head, depend- 
ing on the local con- 
ditions, the maximum 
head being in each 
case the vertical dis- 
tance to the overflow 
lineve’=When the 
porous stratum is tap- 
ped by a well below 
the overflow line, as 
at a, water flows from 
the mouth of the well, 
or if confined in a tube 
will rise to the level 
of e. If a well were 
bored to the porous 
strataat f, water would 
rise in the pipe, but 
would not overflow. 
Strictly speaking, only 
a flowing well can be 
called an artesian well, 
but the term is gener- 
ally used to designate 
all wells that derive 
their water from a 
distant source through the water veins that run under strata 
of clay, hard pan, or rock. 

Artesian wells may be shallow or deep, the epi depending 
entirely on the formation of the ground. 
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12. Bored Wells.—Wells that are to be extended to a 
great depth in the earth, or that are to be sunk through rock, 
are usually bored and the walls lined with iron pipe. A bored 
well is shown in Fig. 4. When the casing a has been extended 
to the water-bearing stratum sought, a dynamite cartridge is 
sometimes exploded at the bottom of the well to excavate the 
cavity, or reservoir, b. This method is employed, however, 
only when the water-bearing stratum is so dense that water 
percolates through it 
too slowly to supply 
thepump. Thecasing 
pipe a forms the wall 
of the well only. It 
is never used as a 
suction pipe for the 
pump. The pump c 
containing the pump 
bucket is lowered in- 
side the casing a to 
near the water, and 
has a suction pipe d 
fitted at its lower end 
with a strainer e and 
a foot-valve. The 
pump rod f is located 
inside the discharge 
pipe g. Since the 
pump is generally of 
the single-acting type, 
a large air chamber h 
should be fitted to the 
discharge pipe. To inspect, renew, or repair the pump parts, 
the pump, etc. must be raised out of the casing. In Fig. 4 the 
plunger of the pump works inside the barrel, or cylinder, c, the 
valve that holds up the water being at d. This pump will 
freeze and burst if exposed to frost. Bored wells have been 
carried to a depth of over 6,000 feet. But 100 feet may be 
considered deep enough to avoid surface contamination. 
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13. Driven Wells.—A good type of well for loose soils 
is shown in Fig. 5; it is known as a driven well. It consists of 
a suction pipe a driven into the earth until the driven-well 
point b reaches ground water or taps a water-bearing stratum 
of gravel or sand. The points cannot be driven through solid 
rock, and only with great difficulty through hard pan. Con- 
siderable trouble is experienced in driving wells through soil 
that contains stones and boulders. In loose, sandy soil, the 
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wells can be driven to a depth of 75 feet, and under favorable 
conditions even deeper, while in a denser soil 50 feet might be 
the limit. A driven-well point is a perforated piece of pipe 
covered with a fine-mesh brass-wire screen, which is protected 
from being torn off by a perforated sheet-brass covering. The 
perforated pipe is screwed into a cast-iron point. This driven- 
well point is forced into the ground at the place where the well 
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is to be located. A short length of pipe is then screwed to the 
threaded end and the point is driven until the second piece of 
pipe is almost level with the ground; another piece of pipe is 
then screwed on and driven downwards. This operation is 
repeated until the point reaches the desired depth. The pipe 
is driven by the blows of a sledge hammer, a cap having first 
been screwed to the end of the pipe and a piece of wood placed 
on the cap to receive the blows, to prevent battering the end 
of the pipe out of shape. 


14. An antifreezing pump is one that cannot be frozen, 
and is therefore suitable for outdoor service in cold climates. 
In this type the piston and pump cylinder are located in a pit 


Rie. 7 


under the discharge end of the pump, as shown in Fig. 6. The 
suction pipe a terminates at the bottom of the pit b. The 
pump cylinder c is screwed on a and must be located deep enough 
to be away from the frost, usually 4 or 5 feet. A petcock d is 
tapped into the side of the discharge pipe just above the cylin- 
der. This cock is kept closed during summer and the water 
consequently stays up in the discharge end, but during winter 
it is opened and then drains water from the discharge pipe e 
when the pump is not being worked. The bottom of the pit 
being porous, the waste water soaks away freely. A manhole 
plate f is placed in the pit cover for access to the pit. 
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15. When a greater supply of water is required than can 
be furnished by one driven well, a battery of wells may be 
driven, as shown in Fig. 7. Each well a should be controlled 
by a valve b placed close to the main suction pipe c, so that 
any well in the battery can be cut out for alterations or repairs. 
The wells should be spaced at least 20 feet apart, so as to be 
outside the zone of influence of one another. Driven wells 
are usually made of galvanized iron and the pipes are seldom 
over 2 inches in diameter, being usually 14 or 14 inches. The 
method shown in Fig. 7 is commonly used in connecting large 
pumps to driven wells. 


SUPPLY FROM SPRINGS 


16. Gravity Supply.—A wholesome and abundant supply 
of water can usually be obtained from a spring when there is 
one located on the premises. This water is usually obtained 
from a source similar to that of artesian wells; in place of flow- 
ing from a bored opening in the earth, however, spring water 
follows a fissure to the surface, where it bubbles forth. 
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All spring waters are not suitable for domestic purposes. 
Some are so strongly alkaline and others so hard that they can- 
not be used at all; others are saline and, while suitable for bath- 
ing and for flushing fixtures, cannot be employed for potable 
or culinary purposes. Waters from sulphur springs are also 
useless for household service. 
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17. In order that spring water may be piped to a building, 
there should be constructed at the springs a reservoir that 
will store sufficient water to balance fluctuation due to unequal 
drafts at different hours of the day. 

The manner of constructing a storage reservoir at a spring 
is shown in Fig. 8. The wall a confines the springs, and, when 
water is not being drawn, it rises to the level of the over- 
flow pipe b. The house-service pipe c enters the reservoir 
near the bottom, and is provided with a large perforated 
strainer d to prevent the entrance of anything but water to 
the service main. 

If the spring is at such an altitude that the head will cause 
excessive pressure in the building, or if the consumption of 
water nearly equals the supply, a storage tank should be pro- 
vided at the building. This tank not only reduces the pres- 
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sure of water in the distributing system of pipes in the build- 
ing, but will also store the night flow of water from the spring, 
which will be required during the day. To protect the spring 
from contamination by leaves, birds, animals, or people, a 
house should be built to enclose it. Besides protecting the 
spring from contamination, the house will also help to pre- 
vent the water from freezing during winter or becoming warm 
during summer. If the house is made dark inside, it will pre- 
vent, or check, the growth in the water of alge or other dis- 
agreeable forms of water vegetation. 


18. Siphonic Supply Lines.—Water pipes should always 
be run from springs so that they will pitch toward the building 
the entire length of the line. This method allows air to escape 
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from the piping of the spring. It frequently happens, however, 
that a hill is located between the spring and ihe building. 
If it will cost too much to dig deep enough through the hill 
to give the pipe a gradual pitch to the building, then the pipe 
must be laid in the form of a siphon, and hence the part at the 
hill will be higher than the water in the spring. 

Fig. 9 shows a siphonic supply line that conveys water 
from the spring a over the hill b and down to the building c, 
the underground pipe being shown by the dotted line d. The 
dot-and-dash line e is an imaginary line drawn level with the 
surface of the water in the spring. The greatest height that 
the pipe d can be run above e is from 25 to 30 feet, according _ 
to the height of the spring above sea level. Generally, this 
distance should not exceed 25 feet, because the pressure of the 
water at the highest point is so low that air readily enters the 
pipe and breaks siphonage. If the air is not removed from 
the pipe it will impede, and finally stop, the flow of water. 
The system is then said to be azr bound, or, the siphonage is 
said to be broken. 

The actual head that produces the water pressure in the 
building is the vertical height between e and the building, 
and in computing the volume of water that will be discharged 
at the building this is the head that must be considered. 


19. The discharge end from a siphon line should be sub- 
merged in water in the tank or reservoir it supplies. This 
arrangement will prevent air from entering the mouth of the 
pipe when the service is not flowing full. To start a siphon, 
the pipe must first be filled with water through a valve at the 
highest point in the line, or the air may be forced from the 
line with water by an ordinary house pump. If the pipe line 
is not perfectly air-tight above the level of the line e, air will 
enter the pipe, accumulate at the highest point, displace the 
water, and prevent a flow of water through the line. Very 
little air is required to fill the bore of the pipe, and a very small 
leak will stop siphonage entirely in a few days. To extend this 
time, an air-accumulating chamber may be used, if the leak 
cannot be found and remedied. 
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20. An air chamber suitable for siphon lines is shown 
in Fig. 10. The manner of its operation is as follows: The 
valve a is closed and 
Wa i the chamber 0 filled 
E with water through 
the funnel c. The 
¢ valve d is then closed, 
the valve a is opened, 
and the air chamber 
is ready for service. 
As air accumulates in 
the top of the siphon 
b line, it displaces water 
from the chamber 
until it is entirely 
empty. Thechamber 
must then be filled 
with water. Air 
chambers should be 
located within man- 
holes, for easy access 
and for protection 
from frost. Lead pipe 
is less liable to air leakage than iron pipe, and in this respect 
is more suitable for siphon lines. 
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SUPPLY FROM STREAMS, RIVERS, AND LAKES 


21. Supply From Streams.—The manner of supplying 
buildings with water from small streams depends greatly on 
the size of the stream and whether the stream dries up during 
periods of prolonged drought. If a stream occasionally dries 
up, a reservoir should be provided in which to store sufficient 
water to maintain a good supply during droughts. When, 
however, the stream can be depended on always to furnish 
an adequate supply, no reservoir will be required. To guard 
against damage from ice, flood, or fish, the intake from a small 
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stream that is free from mud should be located as shown in 
Fig. 11. The intake strainer a should be placed in a clean 
perforated keg b, sunk below the bed of the stream c. A strainer 
so located will not only be safe from frost and floods, but it 
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will be well supplied with water as long as any flows through 
the stream. ‘ 


22. The usual manner of building a reservoir is shown in 
Fig. 12. The sides of the reservoir are built at an angle, or 
slope, of 1 foot on the vertical run to at least 2 feet on the 
horizontal run. The bottom and sides are puddled with about 
12 inches of good clay to make the reservoir water-tight, and 
the sloping sides are covered with brick or concrete pave- 
ment to protect the walls from the abrasion of ice. An over- 
flow a formed with good solid masonry is generally made large 
enough to discharge four times the quantity of water that can 


enter the inlet pipe b. This extra capacity allows for the prob- 
ability of the overflow sometimes being partly filled with ice. 
An emptying pipe c connects with the bottom of the reservoir 
and discharges into the stream at a point lower down. This 
pipe should be of large capacity, so that the reservoir can be 
quickly emptied and cleaned. 
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The supply main d from the reservoir to the buildings is 
provided with three intake strainers, e¢, f, and g, so that by 
manipulating the valves shown in the manhole h water can be 
drawn from the different levels in the reservoir. 


23. Supply From Rivers.—Water supply from rivers, 
while generally inexhaustible in quantity, is not always of the 
best quality. This defect, to a certain extent, can be remedied 
by carefully selecting the point of intake. One manner of 
locating an intake is shown in Fig. 18. With this method, the 
supply of water is not obtained from the river proper, but from 
an infiltration gallery a built parallel with the river b, so as to 
intercept ground water flowing toward it. The advantages 
of locating the intake c in this manner are: (1) the water is 


purified by passing through the soil; (2) the water is not 
liable to contamination by sewage deposited in the river; and 
(3) the intake cannot be damaged by frost or flood. 

When a water supply is taken directly from a river, the 
intake should be placed above the buildings, to avoid the 
surface drainage from about the premises that will enter the 
river, even if the sewage does not. Care should be taken to 
locate the intake at that point which will give the purest water 
at all times. The intake should be placed in a good strong 
crib of masonry that is capable of withstanding torrents and 
ice; and the crib should not be placed in an eddy or in shallow 
water at one side of the river, where matter in suspension is 
apt to collect. Should there be an enlargement that may be 
likened to a lake or pond in the river near the buildings to be 
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supplied, the crib should be located below rather than above 
it, unless there is danger of additional pollution at that point. 
The intake strainer should be at least 23 feet below the lowest 
surface of the water and at such an elevation above the bottom 
that sand or silt cannot enter the suction pipe. 


24. That portion of a suction pipe that extends into the 
water can be made up and lowered into place from rafts anchored 
on the river. If the suction pipe is of small diameter, wrought- 
iron pipe may be used, as it is sufficiently flexible to allow for 
the spring incident to lowering the pipe to the river bottom. 
If, however, the suction pipe is of large diameter, a pipe with 
flexible joints should be used; the pipe is thus allowed to adjust 
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itself to the river bottom without undue stresses on any part 
of the line. 


25. Acrib in which to locate an,intake is shown in Fig. 14. 
The ends a and b point, respectively, up and down stream. 
The upper end is pointed so as to offer but slight resistance 
to floods or floating ice and to afford but a small lodging place 
for logs, trees, and other floating matter; it also prevents the 
formation at this point of sand or mud bars. The down- 
stream end is pointed so as not to form eddies, which would 
retain mud and floating material coming within its influence. 


26. Cribs should be built of brick or stone masonry laid 
in Portland cement, or they may be made of Portland-cement 
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concrete. Openings should be left in the walls on the lower 
end and sides, below water level, and extending to near the 
river bed. The inlet openings should be fitted with sliding 
screens to keep out fish and other matter. Sometimes, cribs 
are covered and pumping machinery is installed in a house 
built over the crib. The installation of pumping machinery 
in a pump house built on the river bank is a common practice; 
the pumps then take the water from the crib into a reservoir, 
a standpipe, or into the mains, as required. 


27. Supply From Lakes.—Water supply from lakes 
must be selected with great care, since the water is liable to be 
contaminated by people living on its shores. The proximity of 
city sewage, picnic grounds, burial grounds, drives,-and culti- 
vated fields must also be considered as sources of contamina- 
tion, and the intake located as far as possible from such places. 

The supply from lakes should be taken from deep water 
subject to currents. The intake should be placed at the lower 
end of a lake near the outlet, as the shallow still water is usually 
at the upper end. It should also be placed in or near the chan- 
nel and on the side of the main current opposite to the outlet 
of any sewers, or the mouth of polluted streams, discharging 
into the lake. When a spring that feeds the lake is convenient, 
the intake should be extended to the bottom of the lake near 
the spring hole. Intakes are sometimes covered with several 
tons of broken stone about the size of an egg, the stone serving 
as a primary filter especially when the lake is subjected to 
deposits of decayed vegetation. 


ROOF-WATER SUPPLY 


ADVANTAGES AND DISADVANTAGES 


28. In many localities, the ground water from wells is so 
impregnated with minerals as to render it unfit for domestic 
purposes. In other localities, where the ground water is hard, 
that is, contains carbonates or sulphates of lime, it may be 
used for some domestic purposes, but is very unsatisfactory 
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for laundry work and bathing. Under such conditions cis- 
terns are constructed in which to store rain water, and so con- 
nected that they will fill from the water that falls on the roofs 
of the building. In many cities that are supplied with hard 
water from the city mains, cisterns are installed and the rain 
water from the roof stored, so that the buildings can be sup- 
plied with both hard and soft waters. 

Buildings that are to be supplied with rain water should be 
provided with roof gutters to confine the water, and leader 
pipes to convey it to the storage tank. When a house tank 
is located in an attic, the leader pipe may be run from the roof 
gutter direct to, and an overflow pipe extended from, the 
house tank to an underground cistern, so that water over- 
flowing the house tank during rain storms will not be wasted. 
This method of filling the house tank with water saves pump- 
ing, but is open to the objection that the dirt is washed from 
the roof during the first part of a storm and discharged imme- 
diately into the house tank without an opportunity for sedimen- 
tation to clarify it. The amount of street dust that is blown 
on a roof and afterwards washed into a cistern is much greater 
than is commonly supposed; excrement of birds, fallen leaves, 
and mossy growths also add their impurities to the waters 
so collected. In the vicinity of manufacturing cities, various 
products of combustion and of industrial waste are added to 
the other impurities on a roof and are washed off during the 
first part of every storm. This dirt gathers on the bottom 
of the cistern, and is apt to contaminate the water by the decay 
of some of its constituents. 


UNDERGROUND CISTERNS 


29. Rain Leaders.—The leaders that conduct waters 
from buildings to underground cisterns should be constructed 
of some material that will not affect the waters flowing through 
them. Iron pipes are quickly corroded by rain water, and then 
give off a red oxide of iron that discolors clothes and stains 
kitchen and tableware. Lead pipes are slightly dissolved by 
rain water, and then give off a poisonous solution of lead salts. 
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The best material for underground rain leaders is salt-glazed 
earthenware pipe laid with Portland-cement joints. 

To allow water from the roof surface to run to waste during 
the first 5 or 10 minutes of a storm, and also to turn water off 
when the cistern is full, a leader cut-off, shown in Fig. 15, is 
generally used. When the disk a is in the position shown in 
the illustration, rain water from the roof is turned into the 
branch 6, which discharges to waste. After the roof is suffi- 
ciently cleansed by the rain, the wire handle c is raised parallel 
with the leader pipe and locked in the clamp d. The disk a is 

“—. then in an upright position and 
confines the water to the leader e, 
which discharges into the cistern. 


30. Construction and Capa- 
city of Cisterns.—Underground 
cisterns for the storage of rain water 
are usually made of brick and laid 
in Portland cement, and plastered 
on the inside with a good coat of 
Portland cement 2 inch thick. An 
overflow pipe from a cistern should 
never connect to a cesspool or sewer. 
If it cannot discharge to the atmos- 
phere, a cut-off should be provided, so that all surplus cistern 
water can be run to waste. 

Where rain water is depended on as the only source of supply, 
the cisterns should be large enough to store sufficient water to 
tide over the longest period of drought likely to prevail in that 
district. Should the locality be subject to rains only during 
certain seasons of the year, cisterns should be made sufficiently 
large to store all the water that falls on the roof surface during 
such periods. . If the average rainfall during the rainy season 
is known, then the capacity of a cistern can be determined by 
multiplying the area of roof surface, in square feet, to be drained 
by the average rainfall, in feet, during the rainy seasons. Thus, 
if the average rainfall is 1 foot, and the roof is 2,400 square 
feet, the required capacity of the cistern is 2,400 cubic feet. 
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31. Aeration of Cistern Water.—Water standing in a 
cistern stagnates and sometimes gives off offensive odors, due 
to the decomposition of organic matter carried into the cistern 
by the rain water. Could the water be thoroughly stirred and 
aerated daily, it would be more fit for the uses to which it is 
put. A simple means of aerating the water is by using a special 
form of pump, known as an aerating pump, for pumping the 
water from the cistern; this type of pump mixes air with the 
water being pumped. Many forms of aerating pumps are in 
use, of which the most common are the so-called bucket, or chain 
pumps, which have little cup-shaped buckets attached to an 
endless chain that passes around and is operated by a sprocket 
wheel. The lower loop of the chain passes under a pulley wheel 
and the ascending part of the chain passes through a tube. 
When the handle is turned, the ascending buckets in the tube 
raise water to the level of the spout, where it overflows. The 
buckets and chain in descending carry air into the water and 
thus help to keep it fresh. The buckets are so constructed that, 
when righted for the ascent, the air is released from them, and 
in rising to the surface both aerates and agitates the water. 
Pumps of this description can also be advantageously used to 
aerate the water in cisterns from which the house supply is 
pumped into a house tank. 


32. Cleaning the Cisterns.—No matter how careful an 
attendant may be to see that the first part of all storm water 
falling on a roof is run to waste, a considerable amount of 
organic matter will, in course of time, be carried into the cistern, 
where, after enough has accumulated, it will impart a disagree- 
able taste and odor to the water. For this reason cisterns should 
be thoroughly cleaned at certain intervals of time to keep the 
stored water as pure and wholesome as the source of supply 
and conditions of storage will permit. Where cistern water is 
depended on as the only source of supply, two or more cisterns 
should be used, so that one can be cleaned while water is stored 
in the others. 
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ARTIFICIAL SOURCES 


STORAGE RESERVOIRS 


OUTDOOR RESERVOIRS AND TANKS 


33. Tanks and reservoirs that store water for country 
institutions and large suburban residences are usually located 
outside of the main building, and in cold climates are housed 
by themselves. When the reservoir is at such an elevation 
that excessive pressure will be exerted in the distributing 
pipes, a distributing reservoir is usually located at a lower 
level to relieve the system of.the excessive strain. When a 
distributing reservoir is installed, a by-pass is usually con- 
structed around it, so that in case of fire the pressure of water 
from the impounding reservoir can be turned into the dis- 
tributing system. 

Reservoirs should be sufficiently large to store enough water . 
to tide over the greatest period of drought likely to prevail in 
that locality. If, however, a reservoir is supplied from a clear 
stream that never runs dry, it need only be large enough to 
store a few weeks’ supply. If, on the contrary, the stream is 
muddy or carries much matter in suspension, two reservoirs 
should be constructed, each of sufficient capacity to store water 
for several weeks’ supply; then, while water is being drawn 
from one reservoir, sedimentation will take place in the other. 


34. Underground basins or reservoirs are usually built of 
brick laid in Portland cement, or of Portland-cement concrete. 
The roofs are made of elliptic groined arches resting on columns 
of masonry spaced about 14 feet apart. Generally, one or more 
manholes a, Fig. 16, are built into the top of the reservoir, to 
serve as vent openings and also to permit entrance to the 
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reservoir for cleaning, inspection, or repairs. In place of 
manholes, ventilators are sometimes used. The top of the 
ventilator should be protected against the entrance of insects 
or other foreign matter by a fine-mesh screen. 


YM) 


35. Outlet connections to small reservoirs are usually made 
as shown in Fig. 17. An upper flange a of the outlet pipe b 
finishes flush with the reservoir bottom, so that an extension 
piece c can be attached to extend the outlet above the mud 
and sediment on the bottom. The pipe b is well bedded in 
concrete d to hold it rigidly and make a water-tight joint 
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around it. The outlet is protected by a wire basket or strainer e 
secured to the opening of the pipe. 


36. Outdoor tanks are usually made sufficiently large to 
hold 2 days’ supply of water. However, in localities remote 
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from repair shops, if but one pump is depended on to fill the 
tank, a larger storage capacity should be provided to tide over 
periods of breakdown. When water from the tank is also used 
for fire protection, additional storage capacity must be pro- 
vided. It is better practice, however, to supply fire lines 
directly from the pump, as greater pressure can thus be obtained 
than from a storage tank at the ordinary elevation. 

Tanks should be placed reasonably close to the buildings 
to be supplied and, when possible, should be located on high 
ground, but sheltered from strong cold winds. 


37. In cold climates, pipe connections to tanks must be 
protected from frost; this is usually accomplished by enclosing 
them in a wooden boxing and packing the boxing well with 
some non-heat-conducting materials. Sometimes the entire 
space inside of a water tower is enclosed in woodwork and used 
for a tool house. In severe climates, this enclosure is heated 
by steam or other means to prevent the water freezing and 
bursting the pipes. The pipes leading from the tank to the 
ground should be wrapped with two or three thicknesses of hair 
felt and then covered with a sewed-on canvas jacket, which 
in turn is given two coats of paint; the piping finally should be 
incased in an air-tight wooden box. 


STEEL TANKS 


38. Steel storage tanks are made in many sizes and 
shapes to suit different locations and conditions, and can be 
obtained square, rectangular, or cylindrical in form. The sizes 
and shapes most commonly used are listed and usually kept in 
stock by manufacturers. 

Steel tanks are made of large sheets of steel riveted together; 
owing to their shallow depth and consequent low pressure, 
which seldom exceeds 5 pounds per square inch, the seams are 
all single-riveted, and the only reenforcing braces used are 
those around the top edge of the tanks. The greatest stress 
on steel tanks of this type is on the bottom; hence, they should 
be firmly set on a level floor, which will uniformly support the 
bottom and prevent bulging. 
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Strong screwed pipe connections to steel tanks are made 
by means of spuds, that is, tapped flanges, securely riveted 
to the tank shell. A connection to a steel tank already in place 
can be made by means of a running tkread on the pipe, the 
joint being made tight by gaskets and locknuts. 

When ordering steel tanks, a sketch should accompany the 
order, showing the location and size of tapping of the spuds 
for the pipe connections. The tank maker will then rivet the 
spuds in their proper places. 


STEEL STANDPIPES 


39. The usual form of steel tank for large water supplies 
is shown in Fig. 18; this type is known as a standpipe. It is 
cylindrical in form, open at the top, and is made of wrought- 
iron or steel plates riveted together. 

Metal plates for standpipes must not only withstand the 
bursting pressure due to the hydrostatic head, but also the 
additional stress due to wind pressure. For this reason stand- 
pipes are made of much thicker plates than would be required 


TABLE I 
THICKNESS OF PLATES FOR STANDPIPES 


Height of Standpipe on aha Lower | T OR hee Upper 
Feet Inch Inch 
75 5 " 
1 1 
75 to 150 2 i 
150 to 200 i 3 


for a uniformly supported horizontal tank subject to the same 
internal pressure. The top edges of standpipes are reenforced 
by a heavy angle iron riveted to the plates. 

The thickness of metal for standpipes depends on their 
diameter and height, their exposure to winds, the velocity of 
prevailing winds, and the action of the stored water on the 
metal plates. Under average conditions metal plates of the 
thicknesses given in Table I are sufficient. 
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40. Tornadoes and violent wind storms are the most 
destructive forces that standpipes have to withstand. Dur- 
ing severe gales, the pressure of wind on plane surfaces at 
right angles to the wind is sometimes as great as 40 pounds 
per square foot, but owing to the wind striking a cylindrical 


surface, its resultant force against a standpipe is only about 
one-half of what it would be if the standpipe were square and 
one side at right angles to the wind. 

When empty, standpipes are least stable, and under the force 
of severe gales are liable to shift their position or tip over, unless 
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well anchored to their foundations. Anchorage is usually 
accomplished by bedding anchor bolts a, Fig. 18, into the stand- 
pipe foundation b and securing them to the bottom of the 
standpipe, as at c. With standpipes of small diameter, anchor 
bolts should be spaced about 3 feet apart. 


41. Connections to standpipes are usually made at the 
bottom of the tank. Sometimes the pump pipe d, Fig. 18, 
serves as the supply pipe to the distributing system, and a 
separate pipe e connected flush with the bottom of the stand- 
pipe serves to empty the tank or occasionally to wash out the 
sediment. Valves located in a manhole underground and near 
the standpipe should be placed on both the supply pipe and 
the draw-off pipe. Overflow pipes are sometimes provided 
for standpipes, but in recent prac- = 
tice they are omitted altogether. 
The height of water in a stand- 
pipe is usually indicated by a 
pressure gauge located in the 
pump room. In addition to the © 
pressure gauge an electric telltale 
is sometimes installed; this at- 
tachment rings a bell in the pump 
room when water rises above or 
falls below certain levels on the 
standpipe. A ladder f should be provided on all standpipes 
to give access to the platform usually placed on top. 

The greatest stress on standpipes is due to internal pressure, 
and affects the vertical seams most. Hence, the vertical seams 
are usually double-riveted, while the horizontal seams are single- 
riveted. The lap of the sheets for a single-riveted joint is about 
three times the diameter of the rivets, and the lap for double- 
riveted joints about five times the diameter of the rivets. 
The size of plates generally used is 5. feet by 6 feet, or 5 feet 
by 9 feet. 

The manner of securing anchor bolts to a standpipe requires 
careful attention. A. wrought-iron lug should be securely 
fastened to the standpipe by means of rivets. The free end of 
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the anchor bolt passes through a hole in the lug and is secured 
on top by a nut. 


42. Connections to standpipes are usually of large diameter 
and made with cast-iron pipes. This method necessitates the 
use of a special connection fitting, made as shown in Fig. 19. 
A flanged hub a is securely riveted to the bottom plate b; the 
pipe c is then slipped through the hub and the joint d made 
tight by calking it with oakum and soft pig lead. 


CAST-IRON TANKS 


43. Cast-iron tanks are made in sections, which are 
bolted together to form a tank. These sections are made of 
uniform size, so that a tank can be enlarged by adding sections 
to it, or it may be diminished in size by taking some sections 
away. This type of cast-iron tank is shipped knocked down 
from the factory, with the various parts numbered, so that 
it can be put together in place by inexperienced workmen. 
The joints are made up with a paste or cement furnished by 
the manufacturers, and are bolted firmly together with bolts 
and nuts. Cast-iron tanks are very heavy, and hence their 
bottoms should rest firmly and evenly on a solid floor or plat- 
form. The rectangular forms of tanks are made up of plain 
sections, with reenforcing cross-braces cast on each section to 
stiffen them; the top edge is usually stiffened by a strip of 
metal that extends around the entire edge. 

Cylindrical cast-iron tanks are also built wp of sections. 
Tanks of this form can be added to in height only, because to 
increase their diameters would require plates of different curves. 
The individual plates for cylindrical tanks are not cross-braced; 
but the flanges that form the joints are reenforced by brackets, 
and the top edge of the tank is finished with a ring of metal. 

Connections to cast-iron tanks can be made to bosses cast 
on the sections, or spuds may be bolted or riveted to the tanks. 
Cast-iron tanks are not employed as extensively as steel tanks, 
because they are more expensive and are more liable to break- 
age. They are used chiefly in places where steel tanks would 
corrode too rapidly. 
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WOODEN TANKS 


44, Most tanks used for storing water for suburban homes 
and country institutions are made of wooden staves bound 
together by iron hoops or bands. Where the surrounding land 
is level the tanks are usually placed on a platform a, Fig. 20, 
elevated by a tower b above the level of the highest fixture 
to be supplied. When water from the tank is to be also used 
for fire protection, the tank is elevated to a much higher level 
than it would be for domestic supply only. A ladder c extends 
from near the ground to the top of the tank; the projecting floor 
of the tower forms a balcony on which workmen may stand 
while constructing the tank and tightening the hoops. A 
guard rail d extends around the platform balcony, and the tank 
is roofed over by a cover e. The tower is stiffened against wind 
pressure by tie-rods f, which are secured to metal sockets on 
the upright posts. The lower ends of the upright posts rest 
on brick, stone, or concrete foundations g, to which they are 
anchored by the anchor rods h, which should extend to the 
bottom of the foundation walls, below the frost line. 

Tank towers are also made of steel framework, the general 
arrangement of the members of the structure being the same 
as shown in Fig. 20. 


45. The hooping of a wooden tank is the most important 
part about its construction, for on the strength of the hoops 
depends the safety of the tank. The work should be of sufficient 
strength to not only hold the pressure of water, but to allow a 
factor of safety of not less than 4 to 1; in other words, if the 
tensile strength of the metal is 40,000 pounds, the hoops fur- 
nished should be of such a number and size that when properly 
spaced on the tank no more than 10,000 pounds stress per square 
inch of section will come on any hoop. As the pressure in a 
tank is greatest near the bottom and decreases toward the 
top, hoops should be spaced closer near the bottom to withstand 
the increased pressure. On the cheaper tanks, hoops are made 
of band iron with the ends riveted together, and are tightened 
by driving them down toward the spreading bottom of the 


\ 
G 
7] 
rere 
- 
LT 
LITTT1 T ad 
i = BSE ee i 
a 
® @ @ @ 
b 
f f : 
RS 


Fic. 20 30 


§ 49 SOURCES OF WATER SUPPLY 31 


tank; with the better classes of tanks, flat-iron hoops are used 
and tightened by means of hoop adjusters drawn together by 
bolts and nuts. 


46. In recent years round hoops have been much more 
generally used than flat hoops. Round hoops are several times 
as thick as flat hoops of equal weight, and consequently several 
times the thickness of metal will rust through before the hoops 
give out. Moreover, since the corrosion of hoops is principally 
from the under side, where the band bears on the staves, the 
point of attack is materially lessened in the round hoops, as only 
a small part bears on the tank. Furthermore, almost the 


entire surface of round hoops can be examined and painted, 
whereas, after flat hoops have been put on a tank they can 
be painted only on one side. As threads are cut on round 
hoops for the locknuts at the draw lugs, the strength of the 
hoops must be based on the size at the bottom of the threads, 
and, therefore, the total weight of the round hoops required 
for any tank must be considerably more than would be necessary 
in flat hoops for the same tank. 


47. Outside tanks should be roofed over to protect the 
waters from contamination by dust, birds, or insects, and to 
check the formation of ice. The roofs may be either flat or 
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pitched, the latter being preferable on account of the better 
appearance and greater cleanliness. 

The construction of a pitched roof is shown in Fig. 21. A 
plate a rests on and is secured to the top edge of a tank. A cross- 
beam b supports the center post c, which forms the apex of the 
roof and affords a bearing for the upper end of the roof boards d. 
A hinged door is provided at e to afford access to the tank. 


48. The thickness of wooden staves for tanks depends 
on the diameter of the tank. Thus, stock sizes up to 8 feet 
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in diameter have 13-inch staves. Tanks from 8 to 20 feet in 
diameter have 2-inch staves, and all tanks with diameters 
larger than 20 feet may have 3-inch staves. 


49. Wooden tanks are sometimes fitted with an indicator 
gauge and float, so that from the engine room the engineer 
in charge can see the depth of water in the tank. The manner 
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of fitting up an indicator gauge is shown in Fig. 22. A 
gauge board a with a white background is fastened to the 
outside of the tank. The board is laid out with black lines 
to indicate feet and fractions of a foot, and the feet marks are 
indicated by black figures 3 inches high. A galvanized-iron 
or copper float b inside of the tank rises and falls with the 
level of water, and thus by means of a chain ¢ and pulleys d 
and e raises or lowers the sliding weight f to correspond with 
the height of water in the tank. 


MAINS 


50. Underground distributing pipes should be placed 
below the level of frost and should be so valved and graded 
that any branch can be cut out and drained. If the pipes 
are composed of iron with screwed joints, and require to be 
drained and left empty during cold weather, provision should 
be made for expansion and contraction, so that none of the 
joints will be sprung and caused to leak. In sandy soil, pro- 
vision for expansion should be made every 500 feet; in clayey 
soil, it should be every 300 feet. The usual method of 
allowing for expansion of underground pipes is to offset the 
line at certain distances and cover the spring piece of each 
offset with a wooden box or brick culvert sufficiently large to 
permit a movement of } inch for each 100 feet length of the 
pipes. If the pipes are laid below the frost line and remain full 
of water all winter, they are usually laid to suit the ground. 
Joints in cast-iron pipe are flexible to a certain extent, and 
each joint compensates for the expansion and contraction of 
the pipes, which may therefore be laid in straight lines of 
indefinite length. For pipes up to 2 inches in diameter, good 
wrought pipe is used; larger pipes are of cast iron. 


51. The water pressure in city mains is seldom constant 
and often varies considerably from the normal pressure. This 
variance is due to excessive draft at factories, slaughter houses, 
and other places where large quantities of water are used 
during the day; between the hours of 9 p. M. and 5 a. M. the 
pressure is generally at the highest point. 
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Where the pressure in street mains is irregular, a tank 
should be provided and a pump installed to pump water from 
the city mains into the tank for use when the pressure is low. 
The pump used for this purpose need not pump water from a 
specially provided suction tank, but may connect directly 
to the service pipe of the building. When the pump is con- 
nected directly to the service, a relief valve should be installed 
to take care of excess pressure. 


52. Sometimes water supplies from city mains are sub- 
jected to pounding noises, caused by water hammer, due to 
defective pumping machinery at the pumping station or to 
hydraulic elevators operating directly from the city supply. 
It is beyond the province of the plumber to remove the cause 
of water hammer in city mains. He can modify its effect in 
the house system, by installing large air chambers at suitable 
points of the distributing system to absorb some of the shock. 


PUMPS 


HAND PUMPS 


53. Pitcher Spout Pumps.—The simplest form of pump 
used to supply water for domestic purposes is a pitcher spout 
pump; it can be used to supply water only to the fixture to 
which it is attached. It cannot raise water to a greater height 
than its own level and is usually placed at the end of a kitchen 
sink to supply water to that fixture. This form of pump is 
never used to fill house tanks, as it is not suited to that pur- 
pose. Its use is limited to country or suburban residences, 
where a kitchen sink and possibly a bathtub constitute the 
plumbing fixtures in the building. The greatest height a pump 
of this type will lift water depends on its elevation above sea 
level. Theoretically, it should raise water 34 feet, but in prac- 
tice the height it will raise water is about 28 feet. 

The valves of a pitcher spout pump are located in a cylin- 
der that forms the barrel of the pump; consequently, as the 
valves raise and hold the water, the pump and suction pipe 
always remain full of water unless precautions are taken to 


§ 49 SOURCES OF WATER SUPPLY 35 


empty them after use. As these precautions are liable to be 
forgotten, pitcher spout pumps that are located in exposed 
places in cold climates should be protected from frost by placing 
the valves in a cylinder located below the level of frost and pro- 
viding a drip hole above the valve cylinder in the pump pipe, 
through which the water in the pump and pipe can drip back 
into the well or cistern. 


04. Two or more pitcher spout pumps are sometimes 
connected to one suction pipe. When so connected, the main 
suction pipe should be sufficiently large to supply water to 
all the pumps when they are operated simultaneously, and 
each branch to a pump should be provided with a stop-cock, 
so that water will not run from all the pumps when only one 
is operated. This method of installing pumps, however, is 
very unsatisfactory, and when the extra cost of stop-cocks 
is considered it is doubtful if the slight saving would justify 
such an installation in place of providing a separate suction 
pipe for each pump. 

Two suction pipes are sometimes connected to one pump, 
usually to permit either well or cistern water being drawn 
from the same pump; the change from one to the other is 
accomplished by means of a three-way cock placed close to the 
pump. : 

55. Force Pumps.—When it becomes necessary not 
only to lift water from a well or other source of supply, but 
also to elevate the water to a higher level, where it may be 
stored for distribution, force pumps must be installed. When 
force pumps are used in deep wells, the valve cylinders are 
placed in the well just above the level of water, so that the 
valves can be repaired without removing the pump from the 
well, as a workman can be lowered on a seat by means of a 
block and fall, and can repair the pump in place. Pump pipes 
in deep wells should be securely fastened to cross-braces placed 
at intervals of about 10 feet to prevent vibration of the pipe. 

Force pumps are provided with air chambers placed imme- 
diately above the valve cylinders. In ordinary house pumps, 
the air chamber is pear-shaped and forms part of the pump. 
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In deep-well pumps, the air chamber consists of a capped 
iron pipe connected to the pump pipe just above the valve 
cylinder, extending upwards, parallel with the pump pipe. 


56. To install a pump, a workman is required to descend 
into the well. This should not be undertaken unless another 
man is stationed on the outside, to render assistance in 
case of danger. A rope should be attached to the man in the 
well and held by the outside man, so that in case of suffoca- 
tion immediate assistance is assured. Under no circum- 
stances should the man on the outside descend into the well 
for the purpose of rendering aid to the workman down there, 
before summoning some one to take his place; otherwise there 
might bea sacrifice of twolives. All deep excavations are liable 
to become partly filled with carbon dioxide, which is fatal to 
animal life. Before entering a well, the air should be tested. If 
a flame burns dimly, or goes out, it indicates gas in a dangerous 
quantity. No descent should be made until the air is purified. 
The accumulation of gas is quite irregular. A well that is free 
from gas one day will accumulate enough gas during the night 
to be dangerous the next morning, therefore it is not safe to 
take it for granted that there is no gas. A test should always 
be made. 


POWER PUMPS 


o7. Hydraulic Rams.—A hydraulic ram may be used 
to pump water into a suitable house tank. The manner of con- 
necting a ram is shown in Fig. 23. The ram a is located in a 
masonry pit 6, where it should be protected from frost by bank- 
ing earth around the walls. The drive pipe c from the source of 
water supply, which in the figure is a dam made in the stream, 
is connected to the inlet tapping of the ram, and the discharge 
pipe d is extended in a trench to the house, where it supplies a 
tank located in the attic. The level of a ram should be at least 
2 feet below the level of the inlet to the drive pipe. 


58. Drive pipes for hydraulic rams should be made from 
iron or brass to withstand the hammering of the water column, 
which would soon destroy lead pipes. They should be about 
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40 feet long, to provide sufficient weight of water in the driving 
column to operate the ram. If two or more rams are used, 
each must have its own independent driving pipe, but they may 
all discharge into the same delivery pipe. If angles or bends 
are necessary in any of the pipes, they should be made by bend- 
ing the pipes to as large a radius as practicable. Angles should 
not be made with ordinary pipe fittings, because of the fric- 
tional resistance they offer to the flow of water. To facilitate 
repairs, each drive pipe and each delivery connection should 
be provided with a straight-way or gate valve. 
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Double rams are in the market; they can be operated by a 
stream of dirty or impure water, but will take pure water from 
some other source and elevate it to the point desired. 


59. Hot-Air Pumps.—Pumps driven by the expansive 
force of heated air are usually well adapted for domestic water- 
supply purposes, as they require very little attention and use 
but little fuel. Care must be taken to avoid overheating them 
and to keep them properly lubricated. If the engine is of the 
vertical type, the engine-house roof must be made high enough 
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to permit the removal of the pistons by means of a block and 
tackle. There should be a hitch in the roof large enough to 
allow the pump rods and tubes to be lifted out of the well. 


60. In Fig. 24 is shown a sectional view of the Ericsson 
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hot-air engine. This engine is chiefly used for driving low- 
pressure pumps, and may be obtained with the fire-chamber 
adapted to any kind of fuel. The type shown is designed to 
use gas as a fuel, and is very suitable for use in city buildings 
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where city gas is easily obtained, or in suburban or country 
buildings having their own gas-making machines. 

The engine is placed on a solid rectangular frame a, sup- 
ported by four wrought-iron legs b solidly bolted to the floor. 
A cast-iron bracket c and a wrought-iron post d support a 
flywheel e, which has a crank f keyed to its shaft. The arm g 
of the bent lever, or bell-crank, the fulcrum of which is 7, is 
attached to f by a connecting link h. A cast-iron cylinder 7, 
having a water-jacket k around its upper part, has the closely 
fitted main piston / connected to an overhead lever m by con- 
necting links m. The cylinder also has a loosely fitted transfer 
piston 0, which is connected to a rod p that branches out over 
the walking beam m, and passing down outside of the water- 
jacket connects to the arm q of the bent lever, as shown by 
dotted lines. 

One end of the walking beam is connected to f by means 
of a link r; the other end connects with the piston rod of a 
pump chamber s, bolted to the water-jacket by means of a 
brass link ¢t. The form of pump shown is usually furnished 
with the engines, being especially designed for them. The 
pump is single-acting, and the plunger moves in a brass cylin- 
der within the pump chamber s. The foot-valve u is simply a 
disk of rubber held in place by a brass bolt. The outlet or 
discharge valve v is a cylinder of rubber resting loosely on a 
rectangular seat. The suction pipe w is connected to the 
source of water supply, which may be a shallow well, cistern, 
or city water main. An air chamber x is usually placed on 
the pipe w, and near the pump. A brass gland and nut at y 
holds the pump-rod packing in place. The furnace 2 is com- 
posed of a double thickness of heavy sheet iron having insu- 
lating material between, and is fitted with a sheet-iron pipe 
to convey the products of combustion to some convenient 
chimney. In the figure, the furnace is shown fitted with atmos- 
pheric gas burners a, of the Bunsen type. A lever-handle 
stop-cock is attached to the gas-supply pipe, and a screwed 
union is placed on the pipe between the burner and the stop- 
cock, so that the burner may be taken out at any time. The 
cast-iron heater b,, which is a cylinder with an elliptic lower 
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end, hangs in the combustion chamber or furnace, and is sup- 
ported by bolts that attach it to the upper cylinder 7 by an air- 
tight joint. Another cylinder, or sleeve c; is suspended within b; 
in such a manner that communication is had between the spaces 
above and below the transfer piston. 


61. When the heater is sufficiently hot, its working tem- 
perature, of course, varying with the work the pump has to 
do, but usually a dull red heat, the flywheel is revolved by 
hand once or twice to start the engine. When at work, the 
heater b, is kept at a dull red heat. The piston / is very near 
the lower end of its stroke, and the transfer piston o has made 
about one-third of its upward stroke. As it approaches I, 
the air between them is driven downwards between o and 7 
into the space underneath. This air passes over the red-hot 
surface b,, and is quickly heated and expanded. The pres- 
sure that results from the expansion drives the piston / upwards 
and rotates the flywheel. About the time that ] reaches the 
middle of its stroke, the transfer piston starts downwards and 
quickly displaces the air in the hot lower end of the cylinder, 
driving it into the upper and cold end. As the air comes in 
contact with the water-cooled surfaces of the cylinder, it parts 
with its heat to the water and contracts correspondingly. 
The pressure decreases sufficiently to permit the flywheel to 
return the piston to the lower end of its stroke without stop- 
ping, and to move the transfer piston, thus shifting the cooled 
air into the heater again. The pressure of the air within the 
cylinder thus rises and falls once during each revolution. It 
will be seen that the air, when expanded by the heat of the fire, 
in forcing the piston / upwards, also raises the pump plunger, 
which forces a certain quantity of water through the water- 
jacket and into the delivery pipe connected to it. A copper 
air chamber d; is attached to the delivery pipe near the water- 
jacket, and forms a cushion to receive sudden shocks that might 
otherwise burst the outer shell, or jacket. 

All the water raised by this engine must pass through the 
water-jacket and do duty as a cooling medium. To stop the 
engine, it is only necessary to shut off the gas. 
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When the pump must raise water to a height greater than 
100 feet, as is often the case in country buildings, a double- 
cylinder hot-air engine is most commonly employed. With this 
class of engine, coal is generally used, although furnaces can 
be had that will burn any kind of fuel. 


62. In Fig. 25 is shown-a Rider compression pumping 
engine, especially designed for pumping against high pressures. 
Although having two cylinders, its principles of action are 
nearly the same as those of the Ericsson. The compression 
piston a extends into the base of the engine, and closely fits 
the cylinder b as well as a sleeve suspended from it, which 
extends to about 4 inch from the bottom, as shown. An air 
space, in the form of an annular passage, is provided between 
this sleeve and the cooler, or water-jacket c. The power piston d 
which fits the cylinder e closely, extends down into the heater f, 
and closely fits the top of a sleeve suspended from e, which 
sleeve extends into the annulus of the heater, as shown. Annu- 
lar air passages are formed around the power piston and the 
sleeve. The air space with the heater communicates with the 
space enclosed by the water-jacket c by means of a regenerator g, 
fitted with a number of thin plates held apart about $ inch. 
The pistons a and d are connected to a flywheel and shaft by 
means of cranks h and connecting-rods 7. An arm bolted to 
the top of the compression piston connects with the plunger rod 
of the pump. A snifter valve 7, the action of which is similar 
to that of a vacuum valve, furnishes air to the interior of the 
compression chamber, if at any time the pressure therein 
becomes less than that of the atmosphere. Double cup 
leathers k make the pistons air-tight around their tops. Any 
leakage of air at these packings or elsewhere is compensated 
for by a supply of air through 7. The furnace pot of this 
engine is lined with thick firebrick, and a 6- or 7-inch smoke 
pipe is taken from the back of the combustion chamber if coal 
is used as the fuel. 


63. In operation, the heater is maintained at a low red heat. 
When the parts are in the position shown, the greater part of 
the air is in the heater and is expanding, thus driving the 
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piston d upwards. During the last half of its upward stroke, 
it is assisted by the pressure that acts under the piston a. By 
the time that the piston d has reached the middle of its down- 
ward stroke, the piston a has risen to the top of its stroke, and 
the greater part of the air has been driven through the regener- 
ator into the cooler. The pressure rapidly falls and permits 
the flywheel to drive the piston d to the bottom of its stroke. 
Meantime, piston a comes halfway down and compresses the 
charge of air. As piston a continues to move downwards, 
piston d begins to rise and the transfer of the cooled air to the 
heater begins. Thus the pressure rises and falls within 
the engine during each revolution. In the passage of the hot 
air from the heater to the compression cylinder, a large amount 
of heat that has been absorbed and retained by the regenerator 
plates is transmitted to the air on its passage to the heater. 
The regenerator will thus be seen to be a device increasing the 
economy of the engine. The pumps used in this class of engine 
are double-acting. 


64. The lower parts / and m of the pistons, which are 
subjected to high temperature, are filled with non-combustible 
non-conducting material. The packings k on top of the cylin- 
der e are kept at a low temperature by a water collar n, through 
which a stream of water is allowed to flow while the engine is 
working. The water-jacket c is connected to by a 4-inch iron 
pipe having a stop-cock in it to regulate the flow. The surplus 
water passing through x is usually allowed to go to waste; it is 
only a very small stream, forming a mere fraction of the quantity 
of water delivered by the pump. 

Care must be taken when oiling these hot-air engines not to 
allow oil to flow into the cylinders, as it soon becomes baked 
hard and fast, and finally stops the engine by jamming the 
pistons. These engines must be set on a solid foundation, 
preferably a concrete floor, to which the base should be bolted. 
They must also be perfectly plumb, so that the pistons, which 
are very heavy, will bear equally all around. Care must be 
taken also to avoid overheating the cylinders; they are liable 
to crack if they are heated too highly or unevenly. These 
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engines are specially adapted for high-pressure pumping where 
unskilled labor is employed to run them. 


65. Quimby Screw Pump.—lIn Fig. 26 is shown a rather 
peculiar but highly efficient form of rotary pump, which type 
is characterized by the absence of valves in the water end. 
The particular form of pump illustrated is known as the Quimby 
screw pump. Two shafts a, side by side, are connected by the 
gears 6. Each shaft carries a right-hand and a left-hand screw, 
and the right-hand screw of one shaft meshes with the left-hand 
screw of the other shaft. The water coming through the 
suction pipe attached at c flows through passages in the casing 
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to the outer ends of the screws, and is drawn toward the center 
by the revolving screws, whence it is discharged through d. 
The screws closely fit the pump casing and are a close running 
fit on each other. Since the screws are right-handed and left- 
handed and the course of the water is toward the center from 
the ends of the four screws, there is no end thrust. The pump 
may be driven by a belt placed on the pulley e, or an engine 
or an electric motor may be connected directly to it. 


66. Screw pumps for house service are usually connected 
to a direct-connected electric motor and are so fitted that they 
operate automatically. The manner of connecting a Quimby 
pump to operate automatically is shown in Fig. 27. The 
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pump is controlled by the float a that rises and falls with the 
level of water in the tank. When water in the tank is low, the 
weighted float raises the weighted chain b until the disk c trips 
the lever d, thus throwing over the contact bar e of an auto- 
matic switch to close the circuit and turn the electric current 
on to the motor f that operates the pump. As the tank fills 
with water, it raises the float, and the counterweight g pulls 
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down on the chain until the disk h trips the lever d back again, 
thus shutting off the current and stopping the pump. 


67. Electrically driven pumps, particularly those of the 
plunger type, should be provided with a rheostat, or starting 
box, to turn the current on to the motor slowly. The pump 
will thus be started easily and the maximum speed developed 
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gradually. Should the current be turned on full at once and 
the pump thus suddenly started, the pounding due to instantly 
starting in motion a large column of water might injure the 
working parts of the pump. Some starting boxes are provided 
with attachments that automatically cut out the motor in case 
it is overloaded or underloaded. 


68. Steam-Pump Control.—Steam pumps for tank work 
are sometimes controlled automatically; a common method of 
control is shown in Fig. 28. The steam pipe a is provided with 
a regulating valve b that is connected by the pipe c to the pump 
discharge pipe d. The discharge pipe is fitted, in the tank, 
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with a balanced float valve e that closes when the tank is full 
of water, thus compressing water in the pipe. This pressure in 
the pump discharge pipe is transmitted through the pipe c to 
the regulating valve, which it closes, thus cutting off the supply 
of steam and stopping the pump. When the water level in 
the tank is lowered, the float falls with it, thus opening the 
balanced valve and relieving the pressure on the regulating 
valve, which is opened immediately by a spring and starts the 
pump again. 

69. A sectional view of a balanced float valve is shown in 
Fig. 29. The valve, as the name implies, is balanced and closes 
with the pressure of water. It is provided with a soft disk 
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seat a that effects a perfect seal when the valve is closed. The 
inlet port of valve is at b and the discharge outlet at c. 


70. A Ford regulating valve is shown in Fig. 30. It 
consists of a spring-actuated steam valve U and a water 
piston V moving in a little cylin- 
der W under the influence of the 
water pressure. By properly adjust- 
; ing the spring, the steam valve can 
oat be made to close when the water 
pressure on the piston V exceeds a 
im certain required amount. The regu- 
, SEN lating valve should be placed in the 
Ti ies steam-supply pipe in a vertical posi- 
tion between the steam chest and 
an ordinary throttle valve. The oil 
cup should be placed so as to allow 
the oil to pass through the regula- 
ting valve. The pipe connecting 
the pressure tank with the regulating 
valve should be provided with a 
globe valve and a union next to the 
valve, in order that the cap may 
easily be removed for repacking the 
, piston V. A drip pipe should be 

connected with the bottom of the 
Wy cylinder W. 
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71. Fire-pumps.—An Under- 
| writers’ steam-driven fire pump, 
S wel aa }with connections that are self-ex- 
=—— § planatory, is shown in Fig. 31. This 
SS pump should be located so as to be 
easily accessible and at the same 
time be safe from damage by fire or 
from other causes. To be ready for instant service, a steam pres- 
sure of at least 50 pounds should at all times be maintained on 
the steam pipe to the pump. When the lift is over 5 feet, the 
suction should be provided with a strainer, foot-valve, and 
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priming pipe. The reservoir, cistern, or tank from which a 
fire-pump derives its supply should be of sufficient capacity to 
supply water for at least 1 hour when the pump is running at 
its maximum speed. 


72. Water Lifts.—A pump that is operated by water 
pressure is often called a water lift. Such pumps are used 
principally to pump cistern water to the various plumbing 
fixtures, in localities where the city water is extremely hard. 
Where the pressure of the city water is not sufficient to supply 


fixtures located on the upper floors of buildings, water lifts are 
sometimes used to increase the pressure, or to fill a house tank 
from which fixtures on the upper floors are supplied. A type of 
water lift frequently used is shown connected up completely 
in Fig. 32. The lift a is composed of two cylinders placed in 
line with each other. The upper cylinder contains the pumping 
mechanism, which takes cistern water through the suction 
pipe b and forces it into the plumbing system through the dis- 
charge pipe c. The lower cylinder of a contains the driving 
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mechanism, or motor, for the pump, and is supplied with water 
under city pressure through the branch pipe d taken from the 
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main service pipe e; the waste water from the motor goes to 
waste through the sewer connection f. A pressure regulator 
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is located at 7 which can be set to maintain any desired pressure 
in the plumbing system. 

The lift is located in the basement or cellar, where it should 
be securely fastened to prevent vibration. The discharge pipe 
of the water lift should be fitted with a large air chamber, which 
may take the form of a compression tank g, Fig. 32, in which 
air is confined and compressed, thus providing an elastic force . 
to distribute water when a faucet is opened. The compression 
tank may be located in any convenient place about the premises; 
usually, however, it is placed in the basement or cellar, thus 
relieving the upper floors of the buildings of its weight and 
removing the possibility of damage to walls and ceilings from 
leaky seams or a sweating tank. In place of a compression tank 
in the basement, an open house tank is sometimes provided in 
the attic, and the discharge pipe fitted with a ball cock to shut 
off the water when the tank is full, thus stopping the operation 
of the lift. The lift is equivalent to a check-valve that pre- 
vents the increased volume of water due to expansion from 
backing into the cistern; therefore, a safety valve 7 is located 
over the sink and no stop-cock should be placed between this 
valve and the kitchen boiler. 


WATER FILTRATION 


MODES OF PURIFICATION 


INTRODUCTION 


1. Impurities in Water.—Ali water for drinking and 
cooking purposes, to protect the health and safeguard the lives 
of the people, must be reasonably pure. The greater part of 
such water, in the form of rain, and presumed to be pure, very 
often becomes contaminated on its way to the reservoirs, and 
often in the reservoirs themselves. Not only does the pure 
rainwater absorb mineral impurities as it travels down the hill, 
or mountain sides, but it often becomes highly impregnated 
with mud, decayed vegetation, and with the excrement from 
sheep and cattle. When these highland streams reach the 
reservoir they are often so turbid as to be nearly as dark as 
stale ale. However, most of the matter held in suspension 
settles on the bottom of the reservoir, and the water when 
allowed to stand, ultimately becomes fairly clear before it 
enters the main pipe lines. It must not be presumed, that 
because the water is clear, it 1s perfectly safe for consumption. 
So many deadly disease germs thrive in water that no chance 
can be taken on the purity of the supply. A reservoir may 
become so turbid after a heavy shower, that the muddy water 
will enter the street mains and be drawn from the faucets; 
hence water companies may be reasonably expected to build 
large filtering beds at their reservoirs, so that all foreign matter 
held in suspension by the water will be intercepted at the 
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filters before the water enters the street mains. Filtration of 
water is nota novelty; it isa necessity. Absolutely pure water 
is seldom found in nature. Natural springs are very often 
impregnated to a great extent with soluble substances, derived 
from the mineral strata through which the water passes. 

The impurities that occur in ordinary waters are of two 
kinds: Mechanical, or those held in suspension by the water; 
and chemical, or those held in solution. Lake or reservoir 
waters are discolored and stained by leaves and other sub- 
stances, held both in solution and suspension, especially after 
a storm. River waters that pass through settled communities 
are the most dangerous, on account of the presence of sewage 
and refuse from places along the banks of the streams. The 
mechanical impurities are mud, leaves, vegetation, fish, frog 
spawn, insects, insects’ eggs, etc. The chemical impurities are 
solutions of minerals, putrescent animal matter, albuminous 
slimes, etc. The leachings from privy vaults and drains, and 
the overflow from cesspools, or the emptying of a sewer into 
any body of water that is a direct source of the water supply, 
are usually the most harmful poisons. The mechanical 
impurities are far less dangerous, being easily seen and easily 
removed. Mechanical filtration has been fittingly termed 
man’s imitation of nature in the purification of water. 

Nearly all mechanical impurities can be removed by filtra- 
tion through sand or other suitable material; but the danger 
lies mainly in the invisible matter held in solution. Mineral 
poisons can be neutralized by the use of chemicals, and some- 
times by heating and settling, or by distillation. The organic 
poisons from sewage, etc. can be entirely removed only by dis- 
tillation; but a careful repeated filtration through sand and 
bone charcoal will, in most cases, improve the water sufficiently 
to make it suitable for drinking and cooking purposes. Bone 
charcoal is often employed as a filtering medium, because it 
exerts a chemical action on the organic matter in the water, and 
renders it inert or harmless. The charcoal, however, gradually 
becomes saturated and clogged with refuse, and loses its 
value as a purifying agent. Therefore, it must be renewed 
at intervals. 
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Bone charcoal is hard and dense; when its pores become 
clogged with refuse it can be restored to usefulness only by 
reburning, which cannot be done on a small scale. Unless the 
air is carefully excluded during the whole process, the mate- 
rial will be consumed, like other charcoal, and will be destroyed. 

Charcoal that is made from wood has little or no value for 
the purpose of effecting satisfactory filtration. After all has 
been done to purify the water by filtration, it is sometimes 
found necessary to add certain chemicals to destroy bacilli 
that might still remain in the water. 


2. Aeration of Water.—Water that has grown stale by 
standing may be greatly improved, and be made suitable for 
drinking purposes, by the process called aeration, provided 
that it has not been otherwise polluted. Aeration may be 
accomplished in several ways: the water may be squirted 
into the air in fine streams; air may be forced through the 
water in fine bubbles; or, air and water together may be shaken 
up or otherwise agitated. The object to be obtained in every 
case is to expose to the greatest practicable extent the water 
to the action of the air. 

In the process of aeration, the water absorbs a considerable 
quantity of air and is thereby greatly improved in appearance 
and taste. The air has a mild oxidizing effect, which is suf- 
ficient to destroy a small amount of vegetable matter and ren- 
der it harmless. But this purifying influence is very limited 
in extent, and is of no use whatever for removing or destroy- 
ing the germs of putrefaction, fermentation, and disease that 
are imparted to the water by sewage or house drainage. These 
germs can be killed only by boiling, and in the case of certain 
disease germs even boiling is insufficient; they can be com- 
pletely destroyed only by fire. The process of aeration is 
thus adapted only to the purpose of freshening water and 
rendering it more palatable, and is not serviceable for actual 
purification. 

In all apparatus designed to aerate water, care must be taken 
to exclude thoroughly all dust from the air, because dust is 
very apt to carry with it many kinds of germs which give rise 
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to putrefaction and disease. Dust must be kept out of food 
and drinking water. 


3. Types of Filters.—Filters are of two types: pressure 
and gravity. All filters operate on practically the same 
principle. The water passes through a bed of filtering material 
which strains out the impurities. Pressure filters are so named 
because the filtering material is contained within a closed 
tank through which the water flows under pressure. The 
gravity filter consists of an open tank of wood or steel, or of 
concrete or masonry construction, of approved size, and 
through which the water passes by gravity, usually after 
preliminary sedimentation in settling basins, which are gen- 
erally located near the filter. 


4. Flow of Water in Filtration.—The velocity of the 
water passing through all varieties of filters should be low 
enough to permit the finest sediment to be deposited on the 
surface of the beds of filtering material. Otherwise, muddy 
water will retain its muddy color after treatment. 

The velocity of the water passing through a filter bed of 
bone charcoal should be low, so that the water may be in con- 
tact with the charcoal as long as possible to make the chemical 
changes in the impurities more complete. The beds of filter- 
ing material gradually become clogged by the accumulation 
of refuse on the surface of the bed and on the grains of sand or 
charcoal; the flow of water is thereby checked and the useful- 
ness of the apparatus is greatly impaired. This trouble can 
be remedied by reversing the direction of the flow of water at 
suitable intervals of time. The accumulations can thus be 
washed away and be run to waste, and the filter can be operated 
almost continuously. 

A filter in which the flow of water cannot be reversed for 
the purpose of cleansing should not be employed, because the 
care and trouble that will be required to keep it in good working 
order will be so great as to lead almost certainly to neglect. 
A neglected filter is likely to become foul, and thus give rise 
to the very danger that it was intended to prevent. 
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Part of the filtration plant should be a storage tank for a 
reserve supply of filtered water to take care of the peak load 
and also that there may always be a supply of filtered water 
on hand, so as to wash the filter; the average volume of water 
required for this purpose is about 8 gallons of water per square 
foot of surface area. If there is no storage tank connected with 
the plant and the conditions are such that the filter cannot be 
cut out of service for the necessary washing process, or repairs, 
there should be at least two units, so that service will be 
uninterrupted while the plant out of service is being cleaned 
or repaired. 


5. Swimming Pool Filtration.—A very important 
part of the modern swimming pool is the filtration plant. 
The use of such pools for recreation and instruction, rather 
than for mere bathing purposes, calls for modern methods of 
sanitation and filtration. If the water is properly filtered and 
the system supplying the pool in perfect working order, there 
is not the danger from contamination that there would be 
were the water discharging into the pool unfiltered. Water 
in a swimming pool should be maintained in a transparent 
state—the bottom of the pool being visible at all times— 
so that a bather in trouble can be readily seen and assisted. 
Constant vigilance must be maintained as regards the filtra- 
tion. The contamination of the pool begins with the advent 
of the first bather, and in a few days, unless properly cared for, 
it is likely to become a menace. Properly cared for, with filtra- 
tion, the same water can be used indefinitely. 


6. There are many types of the smaller filters. Some 
so-called filters are made to screw on the nozzle of an ordinary 
faucet. They consist of a cup having a filling of bone charcoal 
or other filtering material, and they operate only as strainers, 
to hold back the insoluble impurities that are carried by the 
water. They do not purify the water except in a mechanical 
way. The bone charcoal has no purifying effect on it, because 
it passes through far too rapidly for any chemical effect to 


take place. 
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Filters should be kept full of water. They should not be 
allowed to become dry, nor be exposed alternately to water 
and to air. Alternate wetting and drying of putrescible mat- 
ter greatly hastens putrefaction and increases the growth of 
disease germs, etc. A filter that is thus operated is liable to 
become a source of poison instead of a protection against it. 

Wherever the water supply is liable to become muddy at 
times, dwellings should be furnished with a filter, located in 
the basement. All the water that enters the house should pass 
through the filter. This precaution will prevent the kitchen 
boiler from filling with mud, and will insure clean water 
throughout the building. 

There are times when the water lines are closed off by the 
water company employes for repairs or to put in new con- 
nections. This work very often causes the sediment that 
has gathered on the inside of the pipe to loosen and cause the 
water to become very dirty. Should this occur in places 
where there are no filters, instructions should, if possible, be 
given to the householders affected to draw the water off at 
the nearest point to the place of entry of the service pipe, so 
that as little as possible of the dirty water will be allowed to 
run into the water-heating apparatus, as the sediment con- 
tained in the water will drop to the bottom of the boiler when 
the water becomes heated and will probably cause siuggish 
circulation. Asan extra precaution against a condition of this 
kind the waste line from the boiler should be turned on for a 
few minutes to run off the sediment before it entirely settles. 


SLOW SAND FILTRATION 


DETAILS OF_ FILTERS 


7. Rainwater Filter.—The mode of constructing an 
ordinary filter, suitable for rainwater, etc., is shown in Fig. 1. 
The body of the filter is built of bricks laid in mortar composed 
of Portland cement mixed with an equal volume of clean sharp 
sand, and it is divided into two chambers by means of a par- 
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tition slab a of slate or flagstone. The bottom of the cham- 
ber A is provided with a low place or pocket d in which sedi- 
ment may gather, and from which it may be removed by the 
garden pump or other convenient means. The chamber B is 
fitted with a perforated bottom b, on which is placed a course 
of gravel, and then clean sand, nearly up to the level of the dis- 
charge pipe f. It is topped with gravel. The rainwater enters 
the chamber A through the pipes c and deposits any solids 
that may accompany it in the pocket, as shown at d. It is 
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then clarified by its upward flow through the sand in the cham- 
ber B. The chamber A is also provided with an overflow pipe e, 
so that if the filter becomes choked with dirt the water will not 
acquire sufficient head to force the dirt through the filter; it 
also acts as an overflow for the cistern into which f delivers. 


8. Size of Filter Bed.—In slow sand filtration, the move- 
ment of the water is downwards through a bed of sand and 
gravel to a system of underdrains beneath the filter bed. The 
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application of water to the filter is continuous, maintaining 
a permanent water level, and the rate of filtration should be 
automatically regulated to that which gives the highest purify- 
ing efficiency, as found by experiment with the water to be 
purified. With comparatively clear lake water, the rate of 
filtration for 24 hours is sometimes as high as 7,000,000 gal- 
lons per acre of filter surface, or 1,446 gallons per square yard, 
while with turbid water the rate of filtration for 24 hours rarely 
exceeds 2,000,000 gallons per acre, or 413 gallons per square 
yard, and averages about 1,600,000 gallons per acre, or 331 gal- 
lons per square yard, of filter surface. 

ExAmpLe.—A sanitarium is supplied with water from a reservoir con- 
structed especially for its own use. The maximum volume of water that 


will be used in 24 hours is 50,000 gallons. How many square yards of 
filter-bed area are required if the water is turbid? 


SoLuTIoN.—If the water is turbid, 1 sq. yd. of filter-bed area will pass 
an average of 331 gal.in24hr. Therefore, the area required is 50,000+331 
=151.1sq.yd. Ans. 


9. Cleaning the Bed.—Slow sand filtration is simply a 
straining process in which suspended or insoluble matter in 
the unfiltered, or raw, water is largely or entirely removed, 
while hardness, organic matter, and color are only slightly 
removed. 

The efficiency of a filter depends largely on the fineness of 
the filtering medium. When the sand in the bed of a filter is 
supplemented by a fine layer of sediment on the surface of 
the sand, the efficiency of the filter is increased and continues 
to increase with the growth in thickness of the sediment layer 
until it becomes too thick and fine for sufficient water to pass 
through. When the surface clogging reaches such a stage, 
the water must be drawn off from the filter and the sediment 
and top layer of sand removed by scraping for a depth of about 
1 inch. 

The length of time needed for the formation of a sediment 
layer so thick as to require cleaning depends on the kind of 
water to be purified and the rate of filtration. Thus, with 
excessively turbid water the filter beds will probably require 
cleaning once each week, while with comparatively clear water 
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the periods between scrapings might exceed 60 days. For 
average waters, the average length of time between scrapings 
is about 20 days. 


10. General Construction.—In order to provide an 
uninterrupted supply of pure water while a filter bed is being 
scraped or the filter is being repaired, two or more filters are 
usually provided, each of which has a capacity sufficient to 
supply the daily consumption of water. When the raw water 

‘is extremely muddy, or holds large quantities of matter in 
suspension, three or more filters should be provided. 

When slow sand filters are constructed in wet land, the site 
should be provided with a system of subsoil drains to pre- 
vent the ground water from rising to and mixing with the pure 
water in the filter underdrains. Also, the sides and walls of 
the filter should be well puddled with clay, that is, lined with 
clay in the form of a thick paste, or otherwise made water- 
tight. If the ground water from the subsoil drains cannot 
be discharged by gravity, it may be gathered in a sump and 
discharged by mechanical means into the nearest watercourse 
or sewer. 


11. Filters are made water-tight in various ways. The 
simplest method employed is to puddle the bottom and sides 
of the filter with clay. In some cases, the bottom and sides 
of a filter are paved with stones or bricks on top of the clay, 
and in most cases the sloping sides are paved to protect them 
from the abrasion of ice. In all puddled or paved filters, the 
sides are sloped from 2 to 3 feet on the horizontal run to each 
foot in height. 

The best type of open filters have the bottom and sides con- 
structed of concrete or masonry. The walls are carried up 
vertically, with a ledge, 4 inches wide and a little above the 
gravel, for the sand to rest on and form a closer joint than it 
would with the vertical walls. 

The shape of a filter depends on local conditions; the usual 
shape is rectangular, although no good reason can be given 
why a filter should not be made in any other shape. The 
depth averages about 10 feet, proportioned as follows: 6 inches 
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for underdrains, 1 foot for depth of gravel, 4 feet for maximum 
depth of sand, and 4 feet 6 inches for depth of water. 


12. Underdrains.—The underdrains are a series of agri- 
cultural, or field, tile pipes that are placed on the bottom of 
the filter to collect the water that passes through the filter 
bed. These drains have open joints and may be perforated. 
The trunk line of the main drains connects to the discharge 
pipe from the filter. 
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Two principal systems of underdrains are used with slow 
sand filters. The first system, which is shown in Fig. 2, con- 
sists of a main trunk line or pure-water collector a, into which 
is connected a system of branch drains b, spaced about 30 feet 
apart in large filters occupying 1 acre or more in space, and 
from 5 to 10 feet apart for small filters, such as the plumber 
or sanitary engineer frequently has to build. Each drain is 
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extended to within about 4 feet of the filter wall, the end being 
closed with a stone. If the pipes are not perforated, the joints 
between the pipes must be left open for the entrance of the 
filtered water. The spaces between the drains are filled with 
broken stones, as shown, to provide an easy passage for the 
filtered water, which flows downwards through the sand bed, 
as indicated by the arrows. In such a system, the pipes should 
be large enough to carry off easily the greatest amount of water 
that is filtered. The branch lines for small filters may be of 
4-inch pipe, and the trunk lines of 6-inch or 8-inch pipe. For 
large filters, the branch underdrains may be of 6-inch or 8-inch 
pipe, and the collector of twice the area of the discharge pipe. 


13. The second system of underdrains, shown in Fig. 3, 
consists of a flooring of hollow perforated tile covering the 
entire filter bottom. 
These drains are laid 
with slightly open 
joints, and the gravel 
layer is placed on top 
of the tile, the per- 
forations being small 
enough to prevent the gravel falling through into the under- 
drains. With this system of underdrains, the tile collectors 
are generally extended to the walls of the filter. A better 
method, however, is to end the drains a few feet from the walls 
and fill the space with sand, so that water passing down the 
inner surface of the walls of the filter will have a slight lateral 
movement through the sand from the filter walls to the under- 
drains. This precaution will insure a purification of any raw 
water that might pass through cracks or joints in the filter 
walls, or through imperfect contact between the walls of the 
filter and the filter bed, or through any other imperfections or 
defects that might develop around the walls of the filter. 


14. Details of Filter Bed.—The bed of a slow sand filter 
suitable for general purification purposes is shown at the left 
in Fig. 2. It consists of a layer of fine sand about 4 feet thick 
supported by a bed of gravel about 1 foot thick and resting on 
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the underdrains. The largest gravel stones are placed on the 
bottom and smaller sizes are placed on the first layer, the top 
layer being of very fine gravel. A bed of sand 4 feet thick 
is not necessary for perfect filtration; but the thickness of 
the bed gives stability to the filter and reduces the possibility 
of raw water breaking through to the underdrains. It also 
allows of repeated scrapings of the bed, for cleaning purposes, 
without replacing any sand. When the sand has been reduced 
by repeated scrapings to 12 inches in thickness, the water 
should be drawn off from the filters, an extra deep layer of 
sand removed, and the sand previously removed washed and 
returned to the bed. The filter should then be filled by allow- 
ing water to rise from the underdrains until it covers the sur- 
face of the sand about 6 inches, after which raw water can be 
admitted through the inlet. 

The coarse gravel at the bottom of a filter bed has no effect 
in the process of purifying the water, but acts only as a porous 
stratum through which the pure water passes to the under- 

drains. The graduated sizes of gravel or sand that are inter- 
laid between the coarse gravel and the fine sand bed on top are 
used only to prevent the fine filter sand from washing down 
and clogging the gravel bed. 


15. The size of sand used for filter beds varies from the 
finest obtainable to the coarsest kind. It must all be sifted, 
and deposited in consecutive layers, the coarsest at the bot- 
tom and the finest at the top, because the filtration is down- 
wards. The practical objection to the use of very fine sand is 
that it clogs much quicker than coarse sand, and requires more 
frequent scrapings. The coarse sand, on the other hand, allows 
the sediment to penetrate deeper, and the extra sand that must 
be removed in scraping will offset the more frequent cleanings 
of the fine sand. In practice, for average waters, a sand +s inch 
in diameter has been found to give the best general results. 
For comparatively clear lake or reservoir water, a fine sand 
of about +s inch in diameter can be used, while a coarse sand 
of about gg inch in diameter will probably be found best for 
turbid river waters. 
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Filter sand should be free from clay, loam, vegetable mat- 
ter, or lime. Clay or loam will cement the grains of sand 
together and cause subsurface clogging of the filter. Vegetable 
matter will contaminate the bed, and lime sand in sufficient 
quantities will harden the water. Vegetable matter, loam, and 
clay can be removed by washing, and, if sand perfectly free 
from all impurities cannot be procured from a sand bank or 
river bed, it should be washed before being used. If the amount 
of lime in the sand is not excessive, it may be used, as the degree 
of hardness will decrease with age; but if pure soft water is 
wanted, sand containing lime should be rejected. 


16. A simple test for lime in sand is to wet the sand with 
hydrochloric acid; if it gives off a gas it indicates the presence 
of lime, the amount of which can be judged by the quantity 
of gas given off and the appearance of the samples after the test. 


17. To insure a uniform rate of filtration throughout the 
filter bed, the sand must be so deposited that it will have a 
uniform density and depth. This condition cannot be reached 
by laying it in thin layers, or in one layer spread over the entire 
surface of the fitter bed. The best way to deposit the sand 
is in two or three layers, the full width of the filter, each layer 
being laid continuously across the filter the full thickness of 
its bed. Planks should be placed for the workmen to walk 
on, and the surface of the sand should be well raked when the 
planks are removed. 


18. Care should be taken in placing the gravel around 
the underdrains to bury the lateral drains under at least 6 inches 
of gravel, and to fill the space between the drains to the same 
depth. The gravel should stop about 3 or 4 feet from the side 
walls, and the space should be filled with sand to compel the 
water from around the walls of the filter to flow through sand 
to the underdrains. The gravel should be well packed down 
and settled before the sand is placed, to prevent the disturb- 
ance of the sediment layer on top of the fine sand by a sub- 
sequent settlement of the gravel. 

The part of a filter most likely to afford a passage for unfiltered 
water is the space in or around the vertical walls. Hence, 
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many expedients are employed to insure filtration of the water 
that passes at such points. Stepping the walls and stopping 
the underdrains 3 or 4 feet from the filter walls have already 
been mentioned. Other precautions that are found effective are 
sanding the walls or washing them with a coat of Portland cement. 
Stone or brick walls should not be plastered with cement below 
the water-line, as cement sometimes adheres in spots only, and 
water entering to the back of the plaster through a crack can 
then work its way unfiltered to the bottom of the filter bed. 

Brick or stone walls or piers are less suitable than concrete 
for the construction 
of filters below the 
water level. A good 
joint is seldom formed 
between the mortar 
used and the brick or 
stone, and unfiltered 
water entering a joint 
can follow down to 
the bottom of the filter 
and thence to the un- 
derdrains. The walls 
preferably should be 
of solid concrete. 


19. Raw-Water 
Inlets.—Inlets for 
the admission of raw water to slow sand filters are made to 
operate both automatically and by hand. A simple form of inlet 
is shown in Fig. 4. It consists of a 90° bend a that turns into a 
masonry chamber 6 on the inside of the filter c, and is a hand- 
operated inlet. The rate of flow to the filter is controlled by 
partly closing or opening the valved. By paving the surface of 
the filter bed around the inlet chamber with bricks, as shown at e, 
it is protected from being washed away. This form of inlet 
requires constant attention to prevent a fluctuating water 
level in the filter, which will cause a corresponding variation 
in the rate of filtration. 
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20. To prevent fluctuations in the filter water level, auto- 
matically regulated inlets may be used. Fig. 5 shows a simple 
form of automatic inlet regulator. It consists of a ver- 
tical cylinder a attached to the inlet pipe b. A vertical rod c, 
to which two disks d and e, and a float f are attached, passes 
through the cylinder. The rod ¢ is held in position by the 
guides g. When the water in the filter reaches the high-water 
level, the float raises the two disks against the seats h and 1, 
thus shutting off the water. When the water in the filter is 
lowered, the float descends, thus opening the valve for the 
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admission of raw water. In this manner an almost constant 


water level is maintained, the fluctuations rarely exceeding 
6 inches vertically. 


21. Filling a Filter.—When filling a filter after the beds 
have been scraped, the water should first be admitted through 
the underdrains until the sand is covered to a depth of at least 
6 inches; then water may be admitted through the raw-water 
inlet. This practice prevents the disturbing of the sand that 
occurs when an empty filter is filled entirely through the raw- 
water inlet. The supply to the underdrains is taken, when 
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filling the filter, from the filtered-water storage tank by a pump 
that is usually electrically driven. If there are two or more 
filters, a by-pass valve on a pipe connecting the underdrains 
may be opened, when the filtered water from one filter will 
rise through the bed of the other filter; the installation of a 
pump is thus avoided. 


22. Controlling the Filtration Rate.—The rate of 
filtration in slow sand filters is regulated in three ways. In 
the first method, the rate of filtration depends on the rate of 
consumption. The pure-water reservoir is built on a level 
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with the filter and the water in the two compartments is prac- 
tically on the same level. When the consumption of water is 
light, the rate of filtration is low. When the consumption of 
water is excessive, as may be the case during certain hours of 
the day, the rate of filtration is correspondingly increased, 
and the water that has passed through the filter is then liable 
to be quite impure. 


23. The second method of control, the principle of which 
is shown in Fig. 6, involves operation by hand, and is entirely 
independent of the rate of consumption. Pure water enters 
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the effluent chamber a from the filter b through the under- 
drain c. The term effluent, often used in hydraulic engineer- 
ing, means an outflow of liquid, as water. When the sand 
bed is clean and the water passes through with but slight resis- 
tance, the weir, or gate, d is raised to decrease the head e that 
forces the water through the sand. As the surface of the filter 
bed becomes clogged with sediment, a greater head is neces- 
sary to force the required amount of water through, and the 
weir is consequently lowered. When it has been lowered to 
such a level that the head, or the difference between the level 
of the water in the filter and the level of the water in the effluent 
chamber is 6 feet, the filter must be emptied and the filter bed 


cleaned. Any further loss of head is liable to cause a break 
in the sand and allow unfiltered water to pass through to the 
underdrains. The filtered water that passes over the weir 
from the effluent chamber is collected in the pure-water reser- 
voir f, which is located at a lower level than the filter. A crank 
operating a rack and pinion serves to raise and lower the weir; 
a ratchet wheel g and dog h lock it in place. 


24. In the third method, the rate of filtration is regulated 
automatically and independently of the rate of consumption, 
as shown in Fig. 7. The float a is attached to a telescopic 
cylinder, or joint, b, which moves up and down over the pipe c 
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as the water in the effluent chamber d fluctuates. The tele- 
scopic joint is open near the top to serve as an outlet for the 
water. When the filter bed is new and the rate of filtration 
rapid, the telescopic joint and float are automatically raised 
by the water that rises in the effluent chamber. As the sur- 
face of the filter bed becomes clogged, the float and outlet are 
automatically lowered by the fall of water in the effluent cham- 
ber; but, as the outlet openings in the side of b are kept at a 
fixed distance below the float, a uniform rate of filtration is 
maintained. The rate can be increased by weighting the float 
so as to lower the outlet openings, and conversely the rate can 
be decreased by attaching a counterweight e to the chain to 
raise the outlet. In the latter case, the counterweight may be 
used as a gauge to register the loss of head by attaching the 
scale f and an indicator arm, as shown. 


25. Covering of Filters.—When open filters are used 
in cold climates, ice forms over the entire surface of the water, 
and, if there are but two filters that operate alternately, ice 
must be removed from one and the bed scraped while the other 
filter is supplying water. The scraping of filter beds in freezing 
weather is generally followed by decreased efficiency in the 
filter, and to obviate such evil, as well as to avoid the expense 
of removing ice, enough filter beds are sometimes supplied to 
tide over periods of excessively cold weather without scraping. 


26. Most of the slow sand filters are built without pro- 
tection from the weather, and while this practice is generally 
safe in warm climates where ice does not form on the surface 
of the water during winter, under certain conditions covered 
filters are advisable even in warm climates. When the sup- 
ply is derived from ground water or from other sources that 
contain much mineral matter, the water should be filtered 
and stored in the dark to prevent the development of objec- 
tionable water vegetation, known as alge, that rapidly clogs 
the surface of the filters and also imparts a disagreeable taste 
and odor to the water. So rapidly does vegetation develop 
in some ground waters that the periods between scrapings of 
filter beds are thereby reduced by one-half, and so thick and 
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matted are some of the growths that they can be rolled up like 
a carpet. 


27. In climates where the temperature remains below the 
freezing point for long periods, and a thick layer of ice forms 
on all exposed waters, filters should be covered, both for hygienic 
and economical reasons. The formation of ice on the surface 
of water in a filter does not of itself affect the purity of the 
effluent; but by injuring the walls or scraping the sediment 
layer of the filter bed the ice might be the cause of raw water 
passing through to the underdrains without adequate puri- 
fication. Also, the efficiency of open filters is greatly reduced 
for a short period after scraping, owing to raw water passing 
through cracks in filter beds due to freezing of the sand. 


28. Filters may be covered with arches of masonry or 
wooden roofs, according to the requirements in each particular 
case. In warm climates, where a roof is used only to darken 
the reservoir and prevent the growth of alge, a wooden con- 
struction will be quite suitable; but in cold climates, where 
their object is chiefly to prevent the formation of ice on the 
water, the covers should be made of masonry and the tops 
covered with several feet of earth. Arches are generally either 
domed or elliptic in shape and built of brick, hollow tile, or 
cement concrete. The cost of constructing covered filters 
of masonry averages about 50 per cent. more than the cost of 
constructing open filters under similar conditions. However, 
the saving in the cost of operating covered filters in cold climates 
will more than offset the extra first cost, and they are prefer- 
able for all localities where the mean January temperature is 
below 30° F. In any case, the valves and all operating parts 
must be housed in for protection. 


29. Settling Basins.—When a water supply is obtained 
from a river that carries a large amount of clay or loam in sus- 
pension, settling basins are usually provided to affect a par- 
tial clarification, that is, the clearing of the water, by allowing 
it to stand until part of the suspended matter has settled to 
the bottom. Twenty-four hours has been found a sufficient 
period of time to allow for sedimentation, that is, settlement. 
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Most of the particles that settle at all will do so in that time; 
a longer storage might allow the growth of algee and in other 
ways cause the water to deteriorate rather than to improve 
in quality. Three settling basins are generally built, each with 
a storage capacity for 24-hours’ supply of water. One of the 
settling basins can then be filled while the suspended matter 
in another is settling, and water from the third is being delivered 
to the filter beds. ; 

When the river from which water is obtained is so affected 
by tides or other causes that at certain hours of the day the 
raw water is better than during other hours, openings to 
the settling basins should be made sufficiently large so that the 
entire daily supply can be admitted during the short period 
of time when the water is at its best. The openings to the 
settling basins should be protected by suitable gratings to pre- 
vent the entrance of large floating objects from the river. 

The proportion of suspended matter removed in 24 hours 
by sedimentation averages about 60 per cent. of the particles 
held in suspension. The heavier particles are drawn to the 
bottom by force of gravity, and effect a further clarification 
of the water by carrying with them the light particles with 
which they come in contact. 


30. The frequency of cleaning settling basins depends on 
the amount of water used, the proportion of suspended mat- 
ter, and the depth of mud provided for in the settling basin. 
Where muddy water is to be treated, usually a depth of 4 feet 
is allowed for the deposit of mud; when that limit is reached 
the water is drawn off and the settling basin cleaned. The 
mud is removed in barrows or buckets and the sides and bot- 
tom of the basin are washed with water from a hose attached to 
hydrants placed around the sides of the basins for that purpose. 
The mud and water from the washings are carried out through 
a mud-valve toward which the bottom of the basin slopes. 


31. Pure-Water Reservoirs.—At all filtration plants, 
pure-water reservoirs should be provided to store a supply 
of water to compensate for the hourly fluctuations due to an 
irregular consumption. 
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Filtered water deteriorates with storage; therefore, it should 
be delivered to the consumer as soon as possible. To insure 
a quick delivery to the distributing mains, pure-water reservoirs 
should not exceed in capacity 25 per cent. of the daily water 
consumption. They should be built in the form of long nar- 
row passages having the inlet at one end and the outlet at the 
other end, so that the water that enters the reservoir first will 
be delivered first to the mains. 

Filtered water should be protected from contamination while 
in storage, by covering the reservoir to exclude dust, light, and 
insects; and the roof of the reservoir should be plentifully sup- 
plied with ventilators to permit the passage of air to suit the 
hourly fluctuations of the water level. 


EXAMPLE OF A SLOW SAND FILTER 


32. In Fig. 8 is shown a plan and four sectional views of 
a slow sand filter suitable for a sanitarium, large hotel, private 
estate, or other such property. The structure is composed sub- 
stantially of a square tank partly sunk in the ground. Inside 
the square are four compartments, as may be seen in the plan 
view: one is a settling tank; two are filters; and the fourth is a 
pure-water reservoir. The walls may be of concrete, or of 
masonry built in Portland cement with solid joints. The illus- 
trations shows stone walls built on a solid concrete foundation 
and bottom. The partition walls are also of stone, all the walls 
being about 2 feet thick. The bottom concrete is about 8 inches 
thick. This concrete may be made of good broken stone, clean 
sharp sand, and first-class quality Portland cement, in the 
following proportions: Broken stone, four parts; sand, two 
parts; Portland cement, one part. The concrete should be 
thoroughly mixed and put in by men who are accustomed to 
the work. The surface of the concrete should be finished with 
1 inch of Portland cement and clean sharp sand in the propor- 
tions of about two of sand to one of cement. Before this finish- 
ing layer has finally set, the surface should be smoothed by 
throwing on cement and troweling it in well, and bringing the 
surface up to a smooth water-tight finish. After the concrete 
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bottom and foundation have set for about 1 week and become 
hard, some empty cement bags should be laid over the surface 
to protect it, and a plank floor should be laid over the cement 
bags, except where the walls are to be built. The masons can 
then proceed to build the walls. In doing this work, they must 
be exceedingly careful to make all joints in the body of the walls 
solid, using cement mortar in a semiliquid state, and driving 
it in well; this process is called grouting. When the walls are 
finished, the joints should be rubbed with an iron bar, made for 
the purpose and called a key by masons, to a hard finish in order 
to make the joint surface water-tight. 


33. The plumber must place all his pipes in proper posi- 
tion, and prop them up so that they cannot be shifted while 
the concrete is being laid. He should take his measurements 
from the plans and get the levels from the engineer in charge 
of the work to be sure that the pipes will be in their correct 
places. To cut holes for the pipes through the walls, after they 
have been built, will not only spoil the walls, but will also entail 
a needless expenditure of both energy and money. The cement 
must be packed solidly around the pipes, which must be grouted 
in with cement somewhat thicker than cream, that all leakage 
around them may be avoided. Before the concrete floor is 
laid, the trenches dug for the pipes that run under the concrete 
bottom, must be thoroughly tamped, and the earth around the 
pipes compacted by slushing it in with water. Otherwise this 
earth, being less solid than the natural earth, will settle, and 
thereby remove the support from under the concrete bottom, 
which will crack, and the consequent leakage of water under 
the foundation may cause serious injury to the structure. All 
danger of such damage will be avoided if the earth is slushed 
in with water and settled solidly in place before the concrete 
foundations are laid. The pipes underneath the concrete must 
be extra-heavy cast iron, with perfectly calked joints, so that 
they will not become corroded or otherwise defective within 
a period of at least 50 years. They will probably last longer 
if no unusual corrosive action exists between the earth and the 
pipes. Of course, the fixtures and tanks can be arranged 
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separately instead of being grouped together as shown. They 
are usually kept separate in large plants; but in small plants, 
such as are required for private residences, hotels, etc., they 
may be grouped together and enclosed in one building. 


34. The square shown in the center of the plan in Fig. 8 
is a pit about 3 feet square and 14 or 15 feet deep, in which a 
number of valves are placed. The drain pipe a removes any 
leakage that may enter the pit through the walls or through 
the valves and discharges this waste water through the pipe b 
to a point above the ground outside the building. As the bot- 
tom of the valve pit is lower than the bottom of the filters, the 
latter can be drained and emptied into the pit through the 
valve c’. In the sectional view through E F will be noticed 
a straight pipe joining the bottom of one filter with the bottom 
of the other filter and having two valves c on the pipe. A 
branch between these valves turns down, with another valve c’ 
attached thereto, which drains the cross-pipe into the pit. 
Thus either filter can be drained into the pit through the valve c’; 
or, either filter can supply water to the other filter by opening 
the valves c and closing the valve c’. The pipe d is the raw- 
water supply pipe from the water main e that runs under- 
ground outside of the building. 

A by-pass valve f is located on the water main between the 
branch to the pipe d that supplies the filters and the branch 
to the pipe g that delivers pure water into the main. That 
portion of the main at the right of the valve f is consequently 
fuli of raw water, while that portion at the left of the valve f 
contains filter water when the valve f is closed. Should it be 
necessary to shut down the filter plant for repairs, or to give 
a greater supply of water in case of fire, the by-pass f can be 
opened and the valves on g and d closed. These valves are 
placed close together for convenience in such an emergency. 
The raw water passing through d enters the settling tank 
through a ball cock h, the outlet of which is below the surface 
of the water and discharges in a horizontal direction so that the 
inflow will not disturb the mud that has settled in the bottom 
of the tank. A diffuser that will spread the incoming raw water 
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and prevent agitation of the water in the settling tank would 
be a better device. 

The supply to the filters is obtained by the settling tank over- 
flowing into them through the gate valvesz. Water percolating 
down through the sand bed 7 flows through the underdrain k and 
up through the discharge valves / into the pure-water reservoir, 
from which it is drawn by pipe g and delivered to the buildings. 


35. To make repairs to the ball-cock h, the water can be 
shut off from the settling tank at the angle valve m, and the 
supply to the filters can be furnished temporarily by opening 
the gate valves n, which of course must be regulated so as not 
to overflow the filters. The flow of water into the filters must 
be watched while the ball valve is not in operation.. The 
settling tank can be emptied through a gate valve o located at 
the bottom of the settling tank, which grades toward this point 
from all sides. The other filter can be emptied for cleaning 
purposes by opening the necessary valves in the pit, including 
the valve c’, and it can be refilled through the underdrains, 
previous to turning in the raw water, by closing the valve c’ 
and opening the valves c, both of which should be closed as 
soon as the water is 6 inches above the sand bed. 

To prevent the raw water that flows into the filters through z 
from washing out the surface of the sand, a number of bricks 
are laid on the sand where shown. The bottom of the pure- 
water reservoir grades down to the center, where the waste 
pipe pis run to the bottom of the valve pit, a gate valve being 
attached inside the pit. To prevent raw water from over- 
flowing the settling tank and filters by an accident to the ball 
valve, and thereby entering the pure-water reservoir, the set- 
tling tank should be furnished with an overflow discharging 
into the valve pit. The overflow, shown at g, should have an 
area equal to twice that of the ball valve. If it is desired, the 
valve o may also be placed inside the valve pit and the set- 
tling tank allowed to discharge therein. The dimensions of the 
different parts will, of course, vary with existing conditions, 
such as water pressure, the volume of water to be filtered, etc.; 
but the general type of apparatus shown is well adapted to 
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conditions where about 1,000 persons have to be supplied. 
By running both filters at the same time, 2,000 persons could 
be supplied; but this course is not advisable, because one filter 
should rest while the other one is in service. It will thus be 
ready for service when the other is ready to be cleaned. 


36. The walls of the wooden house over the filter plant 
are shown at 7, Fig. 8. The general appearance of the housing 
can be varied to suit the architectural requirements of the 
vicinity. In any case, however, the walls and roofs must be 
built so as to prevent the water from freezing. A hatch should 
be fitted in the roof over the settling tank for light and ven- 
tilation when desired. The hatch may be operated by a rope 
and pulleys. There should be no hatch over the pure-water 
reservoir. The door of the reservoir house is located at s. 
It should not be placed near the pure-water reservoir, because 
the traffic should be along the walls of the settling tank instead 
of along the walls of the pure-water reservoir. The tops of the 
partition walls are 2 feet wide, which is enough for the men to 
remove the sand and mud with wheelbarrows. All the valves 
in the valve pit should have the stems extended above the walls, 
so that in case of accident, or chokage of the waste pipe b with 
a consequent flooding of the valve pit, any valve can easily 
be operated from the walls. 


37. The valves on the main are placed outside the build- 
ing because it is not advisable to build the filter plant over the 
main; and because the valves should be easy of access should 
the keys of the filter house be lost. A portable housing over 
the valve wheels can easily be removed in the event of fire. 

The ground should be graded from the walls of the build- 
ing, as shown in the section through A B. In fact, it is fre- 
quently advisable to bank the earth to a point at least 2 feet 
above the water-line, to prevent the moisture in the walls 
from freezing and cracking the joints. Should the water ever 
become so cold that there is danger of freezing, a small stove 
may be placed on the wall heads with a smoke pipe passing 
through the roof; but this precaution should not be necessary 
if the house is well built. 
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MECHANICAL FILTRATION 


INTRODUCTION 


38. Mechanical filtration is a straining process in which 
a sediment layer is artificially produced by the use of coagulants. 
Clarification of water can be effected by passing it without 
coagulants through a mechanical filter; but, when perfectly 
pure water is desired, coagulants are used. 

Coagulation consists of forming a jelly-like layer on the 
surface of a sand bed by means of chemicals, which are mixed 
with the raw water. The coagulant generally used is sulphate 
of alumina, that is, common alum. When added to water, 
it decomposes into its component parts, sulphuric acid and 
alumina; the sulphuric acid combines with lime or any other 
base present in the water, while the alumina forms a flaky 
precipitate that gathers together and holds whatever suspended 
matter it encounters. 

Two kinds of mechanical filters are in use, gravity and pres- 
sure. Gravity filters are open to the atmosphere at the top 
and the water percolates through the filter bed by gravity. 
Pressure filters are closed water-tight vessels, in which the 
water is forced through the filter bed by the full hydraulic 
pressure of the service pipe. Gravity filters must be located 
higher than the fixtures supplied, while pressure filters may be, 
and usually are, placed in the cellar or basement. 

The method of filtration is the same in gravity as in pres- 
sure filters. Raw water enters the filter at the top, passes 
down through a bed of sand, and is collected by a system of 
underdrains below. Mechanical filters will purify from 
100,000,000 to 200,000,000 gallons of water per acre of filter 
surface, or from 2,295 to 4,590 gallons per square foot of filter 
surface, per 24 hours; this rate is from 50 to 100 times that 
obtained in slow sand filtration. Efficient filters are necessary 
where the water supply is not always clear. 
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MECHANICAL GRAVITY FILTER 


39. Continental Filter.—A mechanical filter of the 
gravity type is shown in Fig. 9. It consists of a wooden or steel 
tank a. Uponits bottom is placed concrete b to embed partly 
the underdrain system c, leaving only the strainer, or nozzle, 
exposed. The underdrain system consists of many branches, 
each of which is provided with a number of perforated nozzles, 
or strainers, as Shown. A layer d of sand and gravel serves as 
the filter bed; the trough e is an overflow to conduct the wash 
water from the filter bed to the sewer discharge when the 
filter is being cleaned. 

The operation of the filter is as follows: The treated raw 
water passes through valve / and pipe f and the inflow is 
regulated by float g which operates a water level regulator at 
the mouth of pipe f. The water passes downwards through the 
filter bed and is collected by the underdrain system and con- 
ducted by the pipe / through a rate-of-flow controller p, then 
to a clear-water tank or basin. 

The filter bed is cleaned by closing valves 7, k, and 1, with 
valve o open, and alternately forcing air and water up through 
the filter bed by way of the underdrain system. Compressed 
air is first admitted through the valve n, thereby thoroughly 
agitating and aerating the filter bed, loosening the foreign 
matter deposited on and in the filter bed and preparing for 
its ready removal by the water. Valve u is then closed and 
valve m opened, allowing the wash water to enter. In its 
passage up through the filter bed it carries with it the foreign 
matter already loosened from the bed by the air agitation, © 
the wash water passing over trough e through pipe f and valve o 
to the sewer. When the filter is in operation the valves 1 
and 7 are open and all other valves are closed. 

Detailed instructions regarding the operations of the filter 
are usually furnished by the maker; these instructions should 
be framed and hung up near the filter. 

When muddy water is to be purified, separate settling tanks 
are provided and a coagulant admitted to the raw water before 
it enters the settling tank. If a coagulant is used in connec- 
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tion with the apparatus shown in Fig. 9, the alum chamber 
should be attached to the pipe f. 


40. Ina pressure filter of the Continental type, the prin- 
ciples of construction and operation are the same as those of 
a gravity filter. The only difference is in the containing tank, 
which is a horizontal or vertical steel cylinder that will with- 
stand a heavy internal pressure. The cylinder lies horizontally, 
the pipe connections are made at the end, and the vertical 
pipe connections are at the side, as with the gravity filter. 


41. Jewell Filter.—Fig. 10 shows a gravity filter of the 
Jewell type. It differs from the Continental filter principally 
in the location of the settling chamber and the method of 
washing the filter bed. The settling basin a occupies the lower 
portion of a large tank 0, in which is placed the filter c. An 
annular space d is left between the filter and the containing 
tank for the overflow of water when the filter is being cleaned. 
Coagulated water enters the settling basin through the pipe e 
and rises to the filter through the stand pipe f. The strip g 
between the filter and the large tank prevents raw water 
from rising in the space d and overflowing the filter. Air is 
not used in cleaning this type of filter; but an iron rake h is 
revolved to stir up the sand while water is forced through the 
bed from the underdrains. The settling chamber is drained 
through the valve k. The filtered water from the underdrains 
is drawn off through 7. The overflow water, while the filter 
is being washed, is drawn off from d through j. The gearing, 
belts, and pulleys shown on top of the tank are used to rotate 
the prongs and thus stir up the sand while it is being washed. 

In order to suspend and disintegrate the bed and wash the 
filter quickly and economically, water should be introduced into 
filter under a pressure of about 15 pounds. The volume of water 
required per square foot of surface area of filter bed per minute 
varies from 6 to 12 gallons, according to construction of filter. 

The chief difference in the several types and makes of 
pressure filters, aside from quality of materials and minor 
points of construction, is in the adjuncts to reversed flow of 
water for ‘“‘washing”’ or cleaning filter. 
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ExampLes.—A 48-inch filter, having an area of 123 square 
feet without sectional wash, air wash, revolving rakes or other 
means of breaking up the bed of filtering material, would 
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require 12 gallons per square foot, or 150 gallons per minute; 
same size filter, with a proper air wash or rakes, would require 
only 8 gallons per square foot, or 100 gallons; and with Hyatt 
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sectional wash, same size filter could be washed with only 
6 gallons per square foot, or 75 gallons per minute. 

The capacity of a filter depends upon area of top surface 
of filter bed. All filters of the same area are of the same 
capacity. Capacity, as applied to a filter, means the rate at 
which the filter will pass water of a certain character with a 
specified result. 

Referring to the following table of capacities, it should be 
borne in mind that the more slowly water passes through a filter, 
the more thorough the filtration. Increasing the rate decreases 


TABLE I 
CAPACITIES OF FILTERS AT VARIOUS RATES 
Capacity, in U. S. Gallons. per Minute 
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the efficiency. When the raw water is not contaminated the 
minimum rate above stated may be exceeded with safety. 

These statements as to capacity and rate of filtration are 
in accordance with the report of the Filter Standardization 
Committee of the American Society of Mechanical Engineers, 
December, 1916: 


The permissible rate of filtration in any instance depends upon the 
character of the water to be filtered and the purpose for which the water is 
USECSED 

Whenever the water is to be used for domestic purposes or to secure full 
bacterial purification, the capacity shall be based upon a rate of filtration 
not to exceed 2 gallons per minute per square foot of filtering area and a 
coagulant must be used. 


PRESSURE FILTERS 


42. A pressure filter is one in which the full water 
pressure comes on the filter bed, which therefore must be 
enclosed. Many kinds of pressure filters are on the market; 
but in a general way the principle of filtration is about the 
same in all. 

Pressure filters can be connected into any pressure line 
without pumping equipment, provided the pressure is high 
enough to carry the water to the highest fixture. 

The raw water enters the filter at the top, passes downwards 
through the bed of sand, and comes out as filtered water at the 
bottom. To clean the filter the flow is reversed, that is, the 
water enters at the bottom, passes up through the filtering 
material, out the top, and discharges to the sewer. To obtain 
the highest efficiency on contaminated water, the water should 
pass through the filter at a rate not to exceed 2 gallons per 
square foot of filtering material per minute. The slower its 
flow through the filter, the more perfectly will the water be 
filtered. To increase the flow of water decreases the effi- 
ciency of the filter, that is, the effluent will be less perfectly 
filtered. 


43. Fig. 11 shows what is known as the Jewell pressure 
filter. It differs from the gravity type bearing the same name, 
chiefly in the casing. The gearing a in this and other large 
filters is operated by power, a belt being attached to the 
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pulley b; in small filters the rake c is revolved by hand, a crank 
being used instead of the pulley. The filter shown is suitable 
for filtering the water supply for large hotels, office buildings, 
etc., where power can easily be obtained. The smaller filters 
are used chiefly in residences, etc. 

In the filter connections shown, raw water enters through the 
pipe d and is fed to the bottom of the casing through the valve e, 
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the valve-f, which is on the drain pipe, being closed. The 
by-pass valve g is closed while filtered water is being passed 
to the building. The valve h connects the header of the under- 
drains to the building and is the filtered-water valve. The 
valve z connects the same header to the sewer or other suitable 
place where water can be discharged to waste after the filter 
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bed has been cleaned and before the filtered water is turned 
on in the building. The names of the different valves shown 
are as follows: e, raw-water, or inlet; f, sediment, or drain; 
g, by-pass, or filter washing; h, filtered-water, or outlet; 2, filter- 
ing to waste valve. Care must be taken to have the con- 
nections made rightly, since otherwise the filter cannot be 
operated correctly. 
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44. Large horizontal-cylinder pressure filters are frequently 
used instead of vertical-cylinder filters. They have the advan- 
tage of a very large filter bed, but they have the disadvantage 
of ordinarily lacking rakes for stirring up the sand during the 
cleaning process. The pipe connections to the horizontal- 
cylinder pressure filters are usually made at the end of the cylin- 
der, and are valved and by-passed in substantially the same 
manner as is shown in Fig. 11. 
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45. A Roberts pressure filter is shown in section in 
Fig. 12 (a), and in elevation in (b). The cylinder a, base 5, 
and head c are made of heavy cast iron, either finished plain 
or enameled on the inside. A rake d operated by the wheel ¢ 
is used to agitate the sand while the filter is being washed. 
The external piping is of galvanized iron or brass and the filter 
is operated with a single controlling valve f. The filtering 
material is a mixture of pure silicate sand, marble, and gravel, 
carefully screened, washed, and sterilized. Brass sand rings 
or strainers g prevent the sand from entering the house-service 
pipe with the filtered water. The number of screens in the 
filter increases with the diameter, the screens being arranged 
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over the bottom of the apparatus in a manner to insure an equal 
and thorough distribution of the water when the filter is being 
washed. 

An automatic coagulant feed tank is shown at h, view (bd). 
The controlling or operating valve f takes the place of numer- 
ous separate valves that would otherwise be required. A glass 
sight trap 7 shows the condition of the washed water and the 
first filtered water. The filter is also provided with a brass 
drain bibb 7. The valves k, k’, and k’’ provide a by-pass for 
the filter when it is removed for repairs. 


46. A view of the controlling valve illustrated at f in 
Fig. 12 (b) is shown in Fig. 13. It is a single operating valve 
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for controlling the several operations, and the lettered dial 
indicates at a glance just what the filter is doing at all times. 
To draw filtered water, the lever / is moved until the pointer m 
is at the words Filtering to House. The water passes down 
through the filter and is purified, and the filtered water can be 
drawn at the fixture. When the filter requires to be cleaned, 
the lever / is moved until the pointer is at the word Cleaning. 
This action reverses the flow of water and washes the accu- 
mulated sediment up and out of the filter to the sewer. After 
the filter is cleaned, the lever is moved to the station Filtering 
to Waste, when the flow is again reversed and the water again 
filters down. When the pointer is at this station, the filtering 
water is allowed to escape for a few minutes or until the wash 
water is all removed from the sand, when the discharge will 
become clear. The lever is moved to the station Filtering to 
House, and pure water is again supplied to the building. When 
the filter is shut off to make repairs, the lever is moved to the 
station marked By-pass. This movement cuts off the water 
from the filter and establishes direct connection between the 
water-service pipe and the house system. The current of water 
passes around the filter and the raw or unfiltered water is 
delivered into the piping system. By moving the pointer to 
station Vaive Closed, water is entirely shut off from the filter. 
During the process of cleaning the filter, the rake d, Fig. 12 (a), 
should be revolved to break up the filtering material so that 
each grain of sand can be thoroughly washed. The lever n 
holds the pointer m in position. 


47. Pressure filters are also used for municipal purifica- 
tion plants. Owing to the facility with which they can be 
connected to the service pipe of any building furnished with 
a municipal supply, they are also employed almost exclusively 
for the filtration of water in private and public buildings. 

They are extensively used for manufacturing purposes, 
where clearness of water is more important than freedom from 
bacteria. A pressure filter can readily be located in the base- 
ment of the building it is intended to serve, being connected 
directly to the water service main where it enters the building. 
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In order to make plain the various things that must be 
considered in connection with the installation of a pressure 
filter, the data sheet issued by The Continental Jewell Filtra- 
tion Company is here reproduced by their permission. The 
questions there shown indicate the principal conditions that 
have to be dealt with. 

The fact that water is free from odor or color and looks like 
sparkling spring water should have no particular bearing in 
the making of a decision as to whether or not it ought to be 
filtered or chemically treated; for only careful test will demon- 
strate surely whether or not it is fit for consumption. 


COAGULATION 


48. Man-made filters do not depend alone upon the sand 
and gravel filtering bed for high efficiency in filtering. Coagula- 
tion and sedimentation are essential features of the process, 
and are possibly the ones that are least understood. 

Sedimentation is one of the many processes by which Nature 
purifies water; and in any body of water sedimentation is 
continually going on, the force of gravity acting on the sus- 
pended organic and inorganic matter and causing it slowly to 
fall. The stiller the water the sooner sedimentation begins 
and the more rapidly does it take place. 

An examination with a microscope is sometimes a great 
aid in discovering the kinds of suspended organic matter 
which the water contains. By this method the nature of 
the particular plants or animals furnishing the refuse may be 
ascertained. 

A filter of any character is nothing more or less than a 
strainer, and the more filtering material the water drains 
through, the more perfect is the filtration that is obtained. 
Many methods have been tried to prevent anything but water 
going through a filter bed. The coagulation method has been 
found to be the most successful. 

The object of coagulation is to furnish a means of preventing 
any particles smaller than the interstices between the grains 
of sand from passing through the filtering bed. This is 
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accomplished by the accumulation, on the filtering bed, of the 
foreign matter in the water, which coagulates and forms a 
sludge that is of greater density than the bed itself. The 
coagulant commonly used is alum, or sulphide of alumina. 


DATA. SHEET 


Tue New York ConTINENTAL JEWELL FILTRATION COMPANY 


Questions to be answered by persons contemplating the installation of a 
pressure filter 


1. What is the source of supply—lake, stream, deep or shallow well? 

2. What is the character of the water—hard or soft, clear or turbid, 
etc.? (If you have analysis, send copies—information desired especially 
as to the amount of iron, free CO:, alkalinity, color, and turbidity, and any 
peculiarities such as the presence of odor, vegetable stain, dyes, etc.) 
What, if any, difference is there in the water after heating? 

3. For what purpose is the water to be used? (If the water is to be 
used for boiler feed, state horsepower of boiler and steam pressure carried.) 

4. What is the maximum consumption of water—U. S. gallons per 
minute? 

5. What is the maximum consumption of water per day? (State 
number of hours constititing a day.) 

6. Do you desire to install the filter for direct service from the main 
or to supply a storage tank? 

7. What, if any, is your storage capacity? (Give dimensions of tanks 
and location in relation to pump, if any, and where filters will be located.) 

8. What is the size of pipe line to which the filter will be connected? 

9. What is the maximum pressure on the present pipe system? 

10. What is the maximum working pressure which the filter will be 
required to withstand? 

il. What is the largest available opening to admit the filter? 

12. Where is the filter to be located? (Send sketch with dimensions.) 

13. Have you any other filters installed handling the same water? 
(Give full description and make, dimensions, and number of gallons per 
minute filtered with satisfactory results.) 

14. As to the maximum consumption per minute, if there is no meter 
and this cannot be measured by pump or rise or fall in storage tank, this 
may be estimated by measuring the discharge per minute at any one faucet 
and multiplying it by the largest number of faucets in use at any one time. 
In such cases, state the number of each class of fixture in the building. 

15. If the filter is for a swimming pool, state the size of pool and length 
of time given to filling the pool. 


lease note that the more information you give the better will be our diagnosis of 
your case. 
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COAGULATING APPARATUS 


49. Coagulator for Gravity Filters.—An apparatus fre- 
quently employed for applying coagulant to water in a gravity 
filter is shown in Fig. 14. Two mixing chambers a and a’ 
are provided so that the solution can be prepared in one while 
being drawn from the other. A certain amount of alum, suf- 
ficient to prepare a definite amount of solution, is placed in 
the crates or boxes b and 0’ and a fine spray of water blown 
over it. The water is so regulated that by the time the tank 
is filled all the alum will be dissolved. The solution drops 
from the bottom of the alum box into the mixing chamber, 
where it should be kept agitated by a stirring device or by 
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forcing compressed air through it from the bottom. The 
solution passes from the mixing tanks to the measuring tank c 
through the pipe d. The overflow pipe e prevents the liquid 
overflowing the tanks a and a’. The application of the solu- 
tion to the water in the filter is regulated by increasing or 
decreasing the size of the opening in b; or, the opening may 
remain unchanged and the charge of coagulant regulatec by 
changing the strength of the solution. The pipe conveys the 
coagulant to the raw water entering the filter. The valve h 
is used to cut out the tank a while the solution is being pre- 
pared in it, and the valve 7 is provided to cut out tank a’ when a 
is supplying the solution. 


50. Coagulant Feed Apparatus.—A coagulant feed 
apparatus h, such as used in connection with the filter in Fig. 12, 
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is shown in Fig. 15, which illustrates the principle governing 
its application. A quantity of alum a is placed in the tank 6 
through the handholec. Water is admitted to the alum through 
the port d. The tank has a large and plainly graduated dial e, 
and a pointer and handle f for adjusting the feed-valve g. This 
valve is extremely sensitive and capable of such delicate adjust- 
ment that the application of the coagulant to the water on its 
way to the filter may be controlled drop by drop with the 

: utmost precision. The filling 
plug c is brass and may be 
quickly and easily removed. 
A brass bibb h is used for drain- 
ing the tank b. The feeding 
,  portsz are prevented from clog- 
|| ging by spiral brass rods j, 
| which are moved up and down 
through the port every time the 
adjusting handle /, attached to 
the pointer on the graduating 
dial, is moved. The proper 
amount of coagulant for the 
purification of water depends 
on the character of the impuri- 
| I-— ties and the degreeof purifica- 
tion required. The alum used 
varies in practice from a very 
slight amount to ? grain per 
gallon; the quantity is deter- 
mined by trial, where the 
supply is adjusted by slight 
increases until the filtered 
water becomes perfectly clear. One drop of alum solution 
in 100,000 drops of water, or about % grain per gallon, is 
sufficient to render water of average turbidity bright, clear, 
and sparkling after its passage through the filter. When intro- 
duced into water containing lime and magnesium carbonates, 
ordinary alum is decomposed, the sulphuric acid forming sul- 
phates with the lime and magnesium. The carbonic acid is 


Fig. 15 
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set free and the alumina unites with the water, forming a 
gelatinous hydrate which settles over the filtering material. 


51. Sulphate of iron in conjunction with lime has within 
recent years been used with more or less success as a coagulant. 
The hydrate of iron apparently is fully as efficient a coagulant 
as the hydrate of alumina, while its greater specific gravity 
produces a quicker sedimentation. The coagulant, however, 
is not suited for the treatment of all water. Its use demands 
more intricate apparatus, which should be employed only under 
the guidance of a competent chemist to secure satisfactory and 
economical results. 


EXAMPLE OF COMBINATION FILTER CONNECTIONS 


52. Fig. 16 shows, in horizontal section and elevation, a 
method of connecting up two filters so that either or both may 
be used at the same time. They are supposed to be connected 
by the pipes a and b to a coil placed in an ice chest. The pipe a 
feeds the coil, and b is the cold-water discharge from the coil. 
The ice chest is supposed to be located at the right of the illus- 
tration. The service pipe c connects with the city main or 
tank supply, as the case may be. The pipe d is the filtered- 
water supply pipe to the building. The combination gauge e 
has two indicators, one of which shows the pressure in c, and 
the other that ind. When filtered water is being drawn in the 
building, the pressure in d becomes reduced because of the 
resistance to the passage of the water through the filters as it 
flows from c to d. The difference in pressure as indicated by 
the gauge will change with the amount of water drawn and the 
quantity of sediment in the filters. If the filters are clogged, 
a great difference in pressure will be noticed on the gauge when 
the faucets connected with d are opened; when the filters are 
clean, the difference will be slight. Thus, not only the pres- 
sure of the water can be read on the gauge, but also, approxi- 
mately, the condition of the filter bed. Most of the pipes 
shown in the illustration are placed against the wall, and the 
filters stand out from the wall about 6 or 8 inches. As indi- 
cated on the plan, the pipes are held from the wall with ring 
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plate hangers f. The water filters downwards, but when being 
washed it flows upwards. A combination valve g is located 
at the base of each filter and is operated by the lever handles 
shown. The pipe h is a blind end and terminates at the back 
of the left filter to give the work a balanced or uniform 
appearance. 


53. To operate both filters and the ice chest, the by-pass 
valves 7 and 7 are closed and the valves k, 1, m, n, 0, p, and q 
are opened. The raw water entering through c is thus com- 
pelled to take the following route: It enters through k and 
is divided into two currents at the cross; one current goes 
through / to the valve g and thence up the pipe 7 at the back 
of the filter, and entering the top passes through the filter, 
and s and nu into the pipe a, where it joins the discharge from 
the other filter, both passing through a to the ice chest. The 
other raw-water current that enters through c and splits at 
the cross under the valve k passes through the valve m, 
through ft, to the combination valve g, under the right-hand 
filter, up uw, and in at the top of the filter, passing through it 
and out through the combination valve at the bottom, then 
through v and o into a. 

The filters are washed through the waste pipes w and w’, 
sight glasses being arranged at x and x’ so that the quality 
of water washed through the waste pipe can be examined. 
The sight glasses discharge into a waste pipe y that connects 
with the drainage system, and through which all sediment 
and wash water from the filters are discharged. The filtering 
material is agitated during the washing process by turning the 
handles shown on top of the filters. 


54. To operate both filters without sending the filtered 
water through the ice chest, the valves 7, p, and q are closed 
and j, k, 1, m, n, and o ate opened. 

To operate the right-hand filter and to use the ice chest, the 
valves k, m, 0, p, and q are opened and /, n, 7, and 7 are closed. 

To by-pass both filters and the ice chest, or, in other words, 
to draw raw water through d, close /, m, n, 0, p, and q and 
open k, z, and 7. 
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By this arrangement of the connections shown, any part 
of the apparatus, including the ice chest, can be thrown out 
of service or put into service independent of the other parts, 
or they can all be put together or in any required combination. 

The pipes a, b, c, and d are covered with pipe covering. The 
pipe b must be protected, as it contains the ice water; as the 
temperature of the water in a and ¢ is normal, their covering 
is not absolutely necessary. They are covered chiefly for 
appearance, and may be left bare if desired. 


55. In making combination connections between appa- 
ratus, a number of valves are necessary. These valves should 
be placed symmetrically, and in a general way the work laid 
out so that when finished it will appear neat and workman- 
like. A plumber can easily fit up the filters, ice chest, and 
cross-connections so that they will ordinarily work all right; 
the very best mechanics take pride, however, not only to fit 
up the pipes and valves so that the apparatus will work satis- 
factorily, but also to have the whole job appear symmetrical 
and neat, 
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STORAGE OF WATER 


GENERAL PRINCIPLES 


PROPERTIES OF WATER 


1. Solvent Action of Water.—Most waters, particularly 
those that are soft, exert a solvent action on minerals and 
metals with which they come in contact. When brought in 
contact with iron pipes, soft waters corrode them, forming 
a red oxide of iron commonly known as iron rust, which, when 
present in large quantities, renders the water unfit for domestic 
use, owing to the diagreeable taste imparted, and also owing to 
the reddish color and consequent liability of staining clothing 
and vessels with which the water is brought in contact. Water 
will also corrode lead, brass, and zinc, and form poisonous 
compounds. Unfortunately, the presence of these poisons in 
water cannot be detected by color; their presence can be detected 
only by taste or chemical tests. Water does not affect tin. 

The water that exists in common soil usually contains a 
small percentage of vegetable and mineral acids originated 
by the decomposition of leaves and minerals; it is more or 
less destructive to metal pipes laid underground unless they 
are coated with asphaltum or some other protective covering. 

The solvent action of water usually increases by both heat 
and pressure, although heat sometimes changes the character 
of water and thus reduces its solvent action. 
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Steam is very destructive to lead pipe, but unless mixed with 
air it is harmless to brass or iron pipe. Lead and zinc, when 
exposed to water, frequently have a coating formed on their 
surfaces that protects them from further corrosion. 

Hot water, when pure and free from gases or air, will not 
attack iron, brass, or lead pipes to an extent sufficient to poison 
the water or render it unfit for cooking purposes, unless it 
should be allowed to stand in the pipes for a few hours before 
being drawn off. 


2. Absorption of Gases by Water.—Gases are soluble 
in water, but in different proportions. Pure water at atmos- 
pheric pressure and ordinary temperature absorbs an amount 
of air equal to 4 per cent. of its own volume; of sulphureted 
hydrogen, 4 per cent.; and of carbon dioxide, 100 per cent. The 
absorptive capacity is doubled by an increase of 15 pounds 
in pressure. 

The relative volume of gas absorbed varies, in all cases, 
directly as the pressure and inversely as the temperature. 
Thus, if the pressure is increased, the water will absorb more 
gas, and if the water is heated it will absorb correspondingly 
less gas. Water is said to be saturated when it has in solution 
all the gas that it can hold. If water is saturated with gas and 
the pressure is reduced or the temperature is raised, the capacity 
of the water to hold the gas is reduced, and some gas will be 
liberated. Thus, if water that is under pressure and saturated 
with air is allowed to flow from a faucet, it will appear milky, 
because the air is liberated in a great number of fine bubbles 
that slowly rise to the surface, and the water ultimately becomes 
clear. 

A lower pressure usually exists at the end of a line of piping, 
or in the vicinity of faucets while water is flowing from them, 
than at the street main. This reduction of pressure will, if 
the water is saturated, liberate more or less gas. Properly 
located air chambers will receive this air or gas and utilize 
it to reduce shocks caused by a sudden stoppage of the water. 
On low-pressure systems, the water is frequently saturated with 
air, or nearly so; but saturation seldom occurs in high-pressure 
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systems, because in these the absorbing capacity of the water 
is very great, on account of the pressure having been increased 
over that to which the water was subjected in the reservoir. 
For example, suppose that water in a reservoir under an abso- 
lute pressure of 15 pounds (a gauge pressure of zero pounds, 
approximately) is saturated; that is, contains 4 per cent. of 
air. Let this water flow into street mains under a gauge pressure 
of 75 pounds, which is 90 pounds absolute pressure. The 
absorptive capacity of the water in the street mains, if the 


90 x .04 


water is free from air, is —=.24=24 per cent.; but since 


the water already carries the 4 per cent. of air absorbed in the 
reservoir, it can only absorb 24—4=20 per cent. more air. If 
this waver encounters a supply of air under pressure, as in an 
air chamber, the air will soon be absorbed and the air chamber 
will become useless. 


MEASUREMENT OF WATER 


3. Measuring Pressure.—Water pressure is measured 
in pounds per square inch above atmospheric pressure by means 
of a pressure gauge. For pressures of about 100 pounds or 
less, an ordinary steam-pressure gauge may be used; but for 
higher pressure, particularly if the apparatus is subjected to 
sudden shocks, especially made hydraulic gauges should be 
employed. 

In Fig. 1 is shown the construction of a pressure gauge 
adapted to the measurement of either steam or water pres- 
sures. It consists of a tube a of elliptical cross-section that 
is filled with water and is connected at b with a pipe leading 
to the vessel containing the liquid whose pressure it is desired 
to find. The other end c is closed, and is attached to.a link d, 
which is, in turn, connected with a rack e; this rack gears with 
a pinion f on the index pointer g. When the elliptical tube is 
subjected to pressure, it tends to take a circular form of cross- 
section, and as a whole it straightens out slightly, throwing 
the free end out a distance proportional to the pressure. The 
movement of the free end is transmitted to the pointer by the 
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link, rack, and pinion, and the pressure is thus indicated on 
the graduated dial. 

The pressure of water in the plumbing in any building or 
part of a building supplied from city mains cannot be com- 
puted exactly from the vertical height of the reservoir above 
the building, because the water in the mains is constantly 
flowing to supply a demand at factories, stores, dwellings, etc. 
in other parts of the city or town, and the pressure is always 
lower than that corresponding to the actual head; consequently, 
a pressure gauge must 
be used to ascertain 
the actual pressures 
at the several points. 

The height that 
water will rise in a 
building, the gauge 
pressure, in pounds 
per square inch, be- 
ing known, may be 
computed by the 
following rule. Al- 
though this rule gives 
the height to which 
the water will rise, it 
is advisable to have 
a surplus head of at 
least 10 feet above 
the highest fixture supplied from this pressure, so as to obtain 
a suitable velocity of discharge. 

Rule.—Multiply the gauge pressure by 2.8; the product will 
be the herght, in feet. 

EXAmMPLE.—A pressure gauge attached to a service pipe in the cellar 
of a building indicates a pressure of 23 pounds. ‘To what height will the 
water rise in the plumbing system within the building? 

SOLUTION.—According to the rule, the water will rise to a height of 
23 X 2.3 = 58 ft., nearly. Ans. 

4. Measurement of Volume.—Water is measured and 
sold by volume. The usual unit of measurement for water is the 
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gallon, which in the United States contains 231 cubic inches; the 
imperial, or British, standard gallon contains 277.27 cubic inches. 
In some localities the unit of measurement is the cubic foot. 
Water flowing through pipes is measured by special apparatuses 
called water meters, of which there are many types on the market. 


5. The Worthington water meter belongs to the recipro- 
cating-piston type; it has two cylinders side by side, with 
reciprocating pistons there- 
in. The water in flowing 
through the meter pushes 
the pistons to and fro; each 
piston stroke represents a 
definite quantity of water 
passing the meter. The 
movement of the pistons is 
registered by a suitable 
mechanism on a dial gradu- 
ated to read directly to gal- 
lons or to cubic feet. 


6. The type of water 
meter shown in Fig. 2 is a 
rotary-piston meter; it 
has two revolving pistons, 
as a, provided with wings 
that roll together in such a 
manner that no water can 
escape past them without 
being measured. The el- 
liptical gears in the chamber b prevent the pistons a from becom- 
ing locked. Each revolution of the pistons allows a certain 
amount of water to pass, and the registering apparatus in the 
top chamber is so constructed that it will show the gross amount 
in cubic feet. The meter is attached to the pipe by a coupling 
connection at c and by a corresponding connection on the 
opposite side. 


7. <A disk meter is shown in Figs. 3 and 4, Fig. 3 being a 
section through the outlet port b, Fig. 4. The disk a, Fig. 3, is 
ILT 382—16 
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attached to a central ball b that rocks in suitable bearings in 
the top and bottom heads c, which are conical; the sides of the 
chambers in which the disk moves are truly spherical. A top 
view of the disk and working chamber is shown in Fig. 4. The 
water enters at a, Fig. 4, and passes out at b, the outlet being 
divided from the inlet by a partitionc that extends from the upper 
to the lower head, and from the ball to the side of the chamber. 


Fic. 3 


The disk is slotted to fit over this partition. The roller 
d, Fig. 3, which touches the stud e, central with the spherical 
chamber, always compels the disk to touch the upper and 
lower heads. - Since the heads are frustums of cones, and since 
the disk is a flat plate, it follows that the latter is in contact 
with the upper heads only along a single line. If the disk 
is depressed until it occupies its lowest position in front of 
the inlet port, it will touch the upper head just about opposite 
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the partitions, Fig. 4. The inflowing water fills the space 
from the inlet port to the line of contact of the disk with the 
upper head; it tends to force the disk from the latter. But 
since the roller d prevents this, the disk gyrates; that is, it rolls 
along the conical surfaces of the heads. As the disk keeps on 
rolling it soon opens the outlet port, the momentum of the 
water on the under side of the disk forcing the water on the 
upper side of the latter out into the outlet port. The disk is 
now, in reference to the inlet port, in its highest position; 
hence, it touches the lower head just about opposite the bridge c. 
The inflowing water 
now tends to force 
the disk from under 
the head; but, since 
this displacement 
cannot occur, the disk 
gyrates in the same 
manner as before. £ H 
Thus, at alternate AT] mm 
gyrations the inflow- 
ing water is above 
and below the disk; 
hence, the outflowing 
water is discharged 
alternately above and 
below the disk. Each 
gyration of the disk 
displaces the entire contents of the chamber, and this quantity 
is registered, in cubic feet, on the dials above. 


fl 
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8. Meters should be so placed that their dials can be seen 
readily. The method of reading dials, the ordinary arrange- 
ment of which is shown in Fig. 5, is about the same in all kinds 
of meters. The figure to be taken is always the one that the 
pointer has last passed, and not the one it is approaching. 
The figure that is indicated on the dial marked 10 must be 
put down first; that is, in the units place. To the left of it is 
put down the figure indicated on the dial marked 100; to the 
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left of that is written the figure indicated on the dial marked 
1000, and so on. Thus, the dials in Fig. 5 indicate 6,417 cubic 
feet. The small dial marked one foot indicates only fractions 
of a cubic foot. To find the quantity of water that has passed 
through the meter in any certain time, subtract the previous 
reading from the later one. 


9. Great care must be taken to protect the meter, by 
means of a fine strainer, from the entrance of fish, sand, etc. 


The principal working parts of ordinary water meters are 
usually made of hard rubber, which is quickly destroyed by hot 
water. If there is any danger of hot water flowing back from 
the boiler to the meter, its working parts should be made of 
brass or bronze, or a check-valve should be placed on the house 
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side of the meter. Ifa check-valve is used, a safety valve must 
be fitted to the kitchen boiler to prevent the accumulation of an 
undue pressure due to the expansion of the water. The require- 
ments of a good meter are that it shall measure accurately all 
the water that flows through it, whether it passes as a very 
small stream or of the full capacity of the pipe. It should 
always be set level, to secure proper operation of the working 
parts, and should be placed on the main service pipe, close 
to the point where it enters the premises, with a waste cock 
or valve on the side next to the mains, so that the water may 
be drained from the meter when desired. If the meter must 
be set lower than the stop on the main service pipe, a drain 
cock should be placed at the lowest point, so that the pipe on 
the house side may be drained when necessary. An air cham- 
ber of suitable size should be attached to the inlet side of the ser- 
vice pipe close to the meter, to absorb all the shocks that occur 
in the pipes. Red or white lead should not be used in screwing 
up joints in meter connections, or the pipe that joins the meter 
to the source of water supply, because some of this substance 
is liable to reach the interior working parts and clog their move- 
ments. All meters should be carefully protected from frost. 


10. The accuracy of a water meter may be tested by 
catching in a receptacle of some kind and weighing the water 
that passes through. Several tests should be made, the water 
being drawn slowly in some tests and as rapidly as possible in 
others. A convenient receptacle for catching the water in 
this test is a barrel that will hold about 53 cubic feet of water, 
or between 350 and 400 pounds. The service pipe should be 
thoroughly flushed out before connecting the meter. 


MOVEMENT OF WATER 


11. Water Hammer.—The shock that is felt in a pipe 
when the flow of water through it is abruptly stopped by the 
quick closing of a valve or faucet is called water hammer. 
It is very destructive to piping and fixtures, because a shock 
that is caused at one point is felt throughout the entire line 
of pipe. The term water hammer is also applied to the loud 
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noise frequently made by kitchen boilers and hot-water pipes 
when faucets are opened. 

The cause of the trouble is quite different in the several 
cases. In the first case, the movement of the entire column 
of water from the main to the faucet is suddenly arrested. 
The water, having no elasticity, will not compress, and thus 
momentarily absorb its own momentum; consequently, the 
momentum of the entire moving column of water is expended 
on the pipes and cocks. If they were sufficiently elastic, the 
momentum of the water would be absorbed quietly and without 
noticeable shock; but as they are very inelastic, a heavy blow 
results. If the pipe is of lead, this air shock will gradually 
weaken it at some point and cause a leak. 

Air chambers that will cushion the shocks, and the use of slow- 
closing compression bibs are the only remedy for water hammer. 

The trouble in the second case is usually due to interference 
of the currents of water within the pipe, which frequently 
occurs at the point where the connection has corroded almost 
shut and is very liable to happen in a long line of pipe of small 
diameter in which the velocity of flow is high. A very similar 
sound is caused by the dancing or chattering of a valve on its 
seat. The hammering results from the momentary checking 
and starting of the water column, which is repeated with great 
rapidity. This action is similar to that of a hydraulic ram 
and is very destructive to piping. 

The hammering noise usually heard in a kitchen boiler is 
due to the formation of steam in the water front. This is 
most generally caused by improper circulation and is a very 
good indication that the circulation pipes are either corroded 
or that the water front or bottom connection on the boiler is 
blocked with rust or sediment. This causes the bubbles of 
steam to travel toward the boiler until they encounter water 
that is cool enough to condense them, which occurs usually at 
the coupling at the side of the boiler. The condensation is 
nearly instantaneous, and the volume of the condensed steam 
or water being only a fraction of that of the live steam, a 
vacuum is formed. Water rushes into this space from all 
directions, and there being nothing present to cushion the blow, 
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the particles of water collide with great force. This trouble 
is most liable to occur when the water in the boiler is heated 
nearly to the boiling point and the circulation through the 
waterback is sluggish. 

A rumbling noise is sometimes heard in the boiler when a 
hot-water faucet is opened. This is due to the fact that the 
water is heated up to the steaming point, and as soon as the 
pressure is reduced, as occurs by opening the faucet, steam is 
instantly liberated in the boiler, or is formed in the water front. 


12. Air Chambers.—The principal use of air chambers is 
to cushion the shocks that accompany the sudden stoppage or 
irregular movements of the water within pipes. For many pur- 
poses they consist merely of a dead end of pipe filled with air, 
and so arranged that the air will not escape, or be carried away, 
by the current of water. Air chambers of larger capacity are 
used on pumps and hydraulic rams, not only to ease off the 
shocks of the water column but to equalize the flow of the 
water, which would otherwise be intermittent. All natural 
water carries in solution some air or gas that is easily dis- 
engaged from the water by a change of temperature and by a 
decrease in pressure. Thus, at many points in a system of 
water pipes, air is liberated in the shape of small globules, or 
bubbles. These globules collect at the high points in the 
system, or in the dead ends of pipe; hence, the air chamber 
should be placed near the ends of the pipes, or at the highest 
point. 

Under high pressures, air chambers are nearly useless, because 
the water will absorb the air from them; but the absorption 
can be retarded in the larger air chambers attached to pumping 
machinery by pouring a little olive oil, or other sweet oil, into 
the chamber. The oil floats on the water and forms an air- 
tight partition between the water and the air, but it must be 
renewed at intervals. Another means of retaining the elasticity 
of the air chamber is to fill it with soft rubber balls, either 
hollow or solid. These, however, will be destroyed by hot water. 


18. Air Locks.—Trouble is often caused in low-pressure 
water-supply systems by air becoming trapped in a supply 
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pipe and stopping the flow of water; this stoppage is known by 
the name of air lock. 

The effect of air locked in water pipes may be illustrated by 
bending some 3-inch glass tubing and connecting it to a glass 
cylinder, as shown in Fig. 6, and then slowly filling the cylinder 
with colored water. Water will rise slowly in the columns a 
and b, the water-lines of which will be precisely level with that 
in the cylinder until the column a is entirely filled. By con- 
tinued pouring into the cylinder, water will overflow a, trickle 
down the inside surface of c, and gather in the bottom of the 
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columns c and e. Thus far the water-lines in the cylinder 
and b will remain level with that ina. Air is now locked in the 
column c by water above and below it, and the pressure of this 
air is equal to that of the atmosphere. As water continues to 
flow into the cylinder, it rises in the tubes e and c; but since, 
when rising inc, it compresses the air contained in this column, 
it must also rise in e to form a head that will cause the com- 
pression inc. Thus, while the water rises but slightly in c, it 
will continue to rise in e until it reaches the top, when it will 
overflow and trickle down the internal surface of the column ih 
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just as it trickled down c. During the process of filling the 
column e, water in the cylinder and in the column 6 will rise 
a distance equal to the vertical height of e. Continued pouring 
of water into the cylinder will cause the water in a to overflow 
into c, e to overflow into f, and a consequent head to be formed 
in the column k, until the cylinder is filled to a point about 
2 inches from the top, as shown; the head in k will correspond 
to the increased head in the cylinder. 

To obtain a complete and thorough understanding of the 
cause of this phenomenon, the pressures at the several points 
of the apparatus should be considered. It is evident that the 
pressures are in equilibrium, because all the fluid is in a static 
condition; it requires unequal pressures to cause a flow. In the 
illustration, the depth of the water in the cylinder, above 
the inlet opening to the tubes, is 18 inches. The vertical height 
of the columns a, c, e, and f is 8 inches, and the height of the 
column k is 2 inches, as marked in the figure. The pressure 
on the top of the column a is equal to that due to the head h, 
which is 18—8= 10 inches. 

Assuming that the air in c has no weight, the pressure at 
the base of c is equal to that on top of a. The pressure on 
top of e is, therefore, equal to the pressure due to the head h 
minus that due to the head in e, which will be 10O—8=2 inches. 
Since the air in f has practically no weight, it follows that the 
pressure in the base of f must also equal that due to a head 
of 2 inches, and this head is obtained in the column k. Hence, 
a hydrostatic head of 18 inches in the cylinder is resisted by 
three smaller heads or water columns a, e, and k, which, if 
placed on top of one another, would cause a vertical head 
of 8+8+2=18 inches, equal to that in the cylinder. 


14. Likewise, while the water was rising in the cylinder, it 
also rose in the tube b, and the water-lines remained constantly 
level until the water in b overflowed into d; that is, when the 
water in the cylinder was 15 inches above the inlet orifice to b. 
The water overflowing into d soon closed the return bend at 
the base, locked the air in d, and rose to a height of 3 inches 
in g, which is open to the atmosphere as shown, and would 
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rise no higher when the head in the cylinder was 18 inches. 
The 15-inch head in b and the 3-inch head in g precisely counter- 
balance the 18-inch head in the cylinder. If a cock z is tapped 
into g at a point 1 inch below the water-line in g, and conse- 
quently 16 inches below the water-line of the source of supply, 
and this cock is opened while everything is in equilibrium, water 
will flow from 7 very slowly, because the effective head causing 
a flow from the cylinder to z is only 1 inch, even though the 
apparent head is 16 inches. If the small petcock u at the top 
of b is now opened, the air in d will immediately escape to the 
atmosphere, because the pressure in d is greater than that of 
the atmosphere by about 3 inches of water column. Water 
in the cylinder will 
then flow freely into d 
to replace the air, and 
when wu is closed, water 
will rise in g toa level 
a with that in the cyl- 
inder, and will now 
give the full effective 
head in g; the water 
will flow from 7 under 
a greater pressure and, 
consequently, with a 
greater velocity, which is equivalent to a correspondingly greater 
volume discharged in a given time. If the air is extracted from 
the tubes f and c by vent cocks or air-relief pipes attached to the 
top of the upper curves, or if the air is forced out of the open 
end by pouring water rapidly into the cylinder, water will flow 
from the orifice of the column k with a velocity corresponding 
to a 18—2= 16-inch head in the cylinder. 
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15. House plumbing becomes air bound in many ways, 
but the effects of the air accumulations are chiefly observed 
in low-pressure systems, as, for instance, in those systems 
supplied with water by house tanks. The reason is that the 
pressure due to the head between the air locks and the tanks 
is usually too low to force the air out of the pipes. 
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16. A common cause of air lock in a building is shown in 
Fig. 7. If the pipe a remains filled with air when the other 
pipes are filled with water, the hot water will not rise to the 
bath 6 unless the forcing head ¢ is greater than the resisting 
head d. The height of these two heads should always be 
measured before deciding to drop the hot-water pipe and run 
it in the cellar, as at e. 


17. Another cause of air lock in a building is that a lead 
hot-water pipe is run over the floorbeams for a considerable 
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distanoe, and the pipe is not supported uniformly throughout 
its length. A good example of this condition is shown in Fig. 8. 
The tank a feeds the boiler and the plumbing fixtures, the 
pipe b is the cold-water distributing pipe, and c is the hot-water 
distributing pipe. The hot-water and cold-water pipes that 
supply the wash basin d are run under the floor in notches cut 
in the joists, and, being unsupported between the joists, have 
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sagged, as at e. If the water is now shut off by closing the 
stop-cock f under the tank, and the cocks at the basin d and 
at the kitchen sink are opened to drain the pipes, the pipe e will 
be emptied, or nearly so, and air flowing in through the open 
cocks at’ d will replace the water that leaves e. Of course, a 
certain quantity of water will remain in each pocket or lower 
curve in e, but each upper curve will be full of air. When the 
water is again turned on by opening /, owing to the low pressure 
and the resistance, frictional and otherwise, the water will not 
flow through e with sufficient velocity to force the air out of 
the upper curves; consequently, air is locked in each curve and 
the pipe is thus air bound. 

If the head h is 4 feet and there are thirty air locks in e, each 
lock being equivalent to a loss in head of 2 inches, water will 
not flow into the basin d, because, while the apparent head is 


4 feet, the loss of head due to air locks is ae =5 feet. There- 


fore the water will rise in the pipe under the basin d only to 
a height of 1 foot below the basin cock; it will, however, flow 
all right from the cocks of the other fixtures. 

In order to remove the air from e, a pump should be applied 
to some suitable point of the system and the water forced 
through e. This will force out the air along with the water, 
and thus subject the pipes at d to the full benefit of the head h. 
If a pump is not at hand, the air may be forced out of e by 
opening and suddenly closing the bath cocks, while the cocks 
at d are open. This method will cause a temporary increase 
of pressure in e every time the bath cock is suddenly closed, 
and will force the locks one at a time. The use of the pump 
is, however, to be recommended for such troubles, because it 
is positive, and will force every particle of air from the pipe, 
while the other method will not. This trouble can all be 
avoided, however, by the plumber taking the proper pre- 
cautions to block up all pipes that have a tendency to sag. 
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STORAGE TANKS 


TANKS FOR GRAVITY SUPPLY 


18. General Considerations.—In most city water 
systems the pressure on the street mains is sufficient at all 
times to furnish water to all buildings. When such is the case, 
house tanks are seldom used, both on account of the expense 
of installation and because water drawn from a tank is never 
as cool or as fresh as that drawn directly from street mains. 
Water-supply systems of many cities, however, cannot be 
depended on for a constant pressure sufficient to cause the water 
to rise in the buildings and supply the highest fixtures. In 
such cases tanks must be used, in which a quantity of water may 
be stored, so that when the city pressure fails there will be 
enough water in the tank to supply the building until the 
pressure returns. 

The type of tank generally used for this purpose is an open 
tank located above the level of the highest fixture to be supplied. 
In this type of tank the water is subject only to atmospheric 
pressure and falls to the fixtures by the force of gravity alone; 
hence, they are called gravity supply tanks. 

Gravity supply tanks may be located in the attic of a 
building, on the roof of a building, or on a separate 
water tower outside of a _ building. In small detached 
cottages and city residences, the house tank is usually located 
in the attic, and when possible is placed directly over the 
bathroom, so as to simplify the system of piping and econo- 
mize materials. 

In placing a tank in a building, the plumber or engineer 
must carefully examine the building under the tank to see 
whether the partitions come over one another, and that the 
stresses due to the load of the tank are transmitted straight 
down to the cellar floor. If the tank is not set over strong 
partitions, the ceiling of the room under the tank will invariably 
sag and the plaster will crack, and probably fall; or, if the 
tank is extremely heavy, it may break through the floor. 
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19. Materials for Tanks.—The materials of which tanks 
should be made differ with the locality, the kind of water 
used, and the location of the tank. Round tanks made of 
cedar or cypress staves hooped together are commonly used 


outside, as on roofs or elevated on trestles. Round steel tanks ~ 


are extensively used for both inside and outside locations. 
Wooden tanks used inside of buildings are usually rectangular 
in form and are lined with 6-pound sheet lead or 16-ounce sheet 
copper tinned on the inside. 


20. To determine whether lead or copper will make the 
better lining for any particular tank, some tanks that have 
been used for storing the same kind of water should be examined, 
to ascertain the effect of the water on their linings. If this 
cannot be done, a sample of the water should be sent to an 
analyst, who will advise as to the most suitable lining for the 
water under consideration. 

If it is found that the solder in the seams becomes rotten, 
no solder should be exposed to the action of the water. In 
lead-lined tanks, this is easily accomplished by burning the 
seams. In small copper-lined tanks, the seams should be 
soldered at the -back; but, to protect the soldered seams of 
large copper-lined tanks, the entire inner surface must be 
painted with two or three coats of shellac varnish, or with a 
paint that will withstand the action of the water. 


21. Sheet copper, well and heavily tinned on its inside 
surface, is very well adapted for lining tanks to contain soft 


water. A block-tin coating is insoluble in most waters, but - 


it is just as soluble as lead or zine in others. The results 
obtained by the use of tinned copper for soft-water tanks are 
so satisfactory, however, that this metal is almost universally 
employed for such work. 


22. Lead forms an excellent lining for tanks that store 
what is called hard water, which means water that contains 
sulphates or carbonates of lime or magnesia, because a thin 
insoluble crust of either a sulphate or a carbonate is formed 
on the inner surface of the lead, and protects the lead from 
further action of the water. 


—~ee 
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If a lead-lined tank is employed for storing soft water, such 
as rainwater, or even mineral or spring waters containing 
certain salts, such as nitrates and chlorides, the water will 
have a dissolving influence on the lead, and is therefore liable 
to become contaminated.. 


23. Tanks made of impervious materials, such as porcelain, 
glass, slate, stoneware, etc., are also used for storing drinking 
water. The slabs of which these tanks are constructed are 
held in position by stay bolts. All tanks used for storing 
drinking water should be fully protected with an air-tight 
cover so that no foreign matter can be deposited in the tank. 


24. Construction of House Tanks.—Plumbers are 
expected not only to line tanks with sheet metal and thereby ~ 
make them water-tight but also to design them and oversee 
their construction; therefore, the subject of designing and 
constructing rectangular wooden tanks will be treated rather 
extensively, as this form of tank is generally used inside 
buildings. 


25. As unlined rectangular wooden tanks are difficult to 
keep water-tight, they are usually lined with sheet metal. 
In a lined tank the wooden sides and bottom must support the 
sheet-metal lining and resist the hydrostatic pressure, but are 
not required to be water-tight. The pressure on the sides of 
a tank depends wholly on the length of the tank and the depth 
of the water, and is not affected by the width of the tank, while 
the pressure on the bottom depends on its length, width, and 
the depth of the water. Thus, with an equal depth of water, 
a tank 1 inch or less in width will have exactly the same bursting 
pressure on its sides as one 10 feet or more wide and of the 
same length. To compensate for the increase in pressure with 
increase in depth, the sides and bottoms of rectangular wooden 
tanks should be built of planking proportioned to the depth 
of the tank; thus, for tanks less than 3 feet deep, 14-inch planks 
should be used; for tanks from 3 to 6 feet, 2-inch planks; and 
for tanks deeper than 6 feet, 23-inch planks. The outside 
of tanks should be well supported with cross-braces spaced 
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about 3 feet apart for tanks 3 feet deep, 25 feet apart for tanks 
between 3 and 6 feet deep, and 2 feet apart for tanks of greater 
depth. 


26. Two methods of bracing the sides of a rectangular 
tank are shown in Fig. 9. The sides are prevented from bulging 
outwards by vertical posts a and aq. In the method illustrated 
at the left of the figure, the posts a are secured to the horizontal 
timbers d by mortise-and-tenon joints c and are wedged tight 
by wooden wedges ¢. This bracing is not as strong as that of 
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the post a, which is held in position at the top and bottom by 
wrought-iron rods b. The lower rod should be stronger than 
the top rod. All the bracing timbers must run crosswise to 
the planking g, and fish-plates or large iron washers /, should 
be used to prevent the nuts from sinking into the wood. The 
ends of the tank, like the sides, must” be supported by posts 
and tie-rods. . The bottom tie-rods will necessarily pass through 
the sills, which must never be notched to pass the rods. Holes 
for that purpose should be bored along the center line of the 
timber, making the holes about $ inch larger than the rods, for 
convenience in pushing them through. 
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27. A large open house tank is shown in Fig. 10; it is 8 feet 
long, 5 feet wide, and 4 feet deep. The planking is white pine 
2 inches thick and free from knots. The planking of the ends 
is let into the side planking about 4 inch, as shown at a, and 
the sides are held together by iron tie-rods b and braces, side 
posts, or stiffeners, c, the lower ends of which are secured by 
mortise-and-tenon joints into the timbers d, which also sup- 
port the bottom planking of the tank. Particular care must 
be taken when cutting the sills d to allow enough of the timber 
to project beyond the mortise hole to form a good, unyielding 
abutment for the tenon or the wedge, as the case may be. 
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Although a brace is not absolutely necessary to prevent the 
ends of the tank, in this case, from bulging, it is better to use 
one at each end, as shown at g, so that the ends, like the sides, 
will be practically unyielding. These braces are drawn together 
by iron tie-rods above and below the tank, the lower rod running 
through holes bored in the neutral axes, or middle, of the 
timbers d. 

Should the tank be over 5 feet deep, the braces must be 
tied together at suitable points in their length, in order to avoid 
the use of too heavy braces. This is accomplished by running 
tie-rods entirely through the tank, and protecting them from 
the action of the water by slip tubes wiped to the tank lining. 
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28. Small tanks that must be neatly made and strongly 
built can be constructed as shown in Fig. 11 when they do not 
exceed in size 4 feet by 3 feet by 2 feet deep. Their sides a 
and ends b can be joined together at their corners by dovetailed 
joints, which are reinforced by nails, shown by dotted lines. 
The sides and ends are then carefully squared and the bottom 
is spiked on, the nails being shown by dotted lines. These 
nails, or spikes, prevent the lower parts of the sides and ends 
from spreading, and consequently preserve the lining. 


29. A wooden house tank, when filled with water, tends to 
bulge outwards, and when emptied it returns nearly to its original 
shape. More injury is usually done to lead tank linings by the 
opening and closing of angles and sharp curves, when the sides 
and ends of the tank 
yield under the pressure, 
than is done by corrosion. 
This is due to the fact 
that lead has little elas- 
ticity, and consequently 
~ cannot successfully with- 
< stand repeated bending 
~ at the same point. 

Fig. 12 shows a section 
of a wiped seam in the 
bottom angle of a lead 
lining. It clearly illus- 
trates why lead lining in a poorly made tank will not long remain 
water-tight unless a constantly uniform water level is main- 
tained. The view is supposed to be taken at about the middle 
of the tank, because this is the place where the side a, if unsup- 
ported, will spread out most. When the tank was made, the 
lowest side plank a was spiked closely against the bottom plank b, 
and, of course, the lining was put in to fit snugly into the angles 
and then wiped in position. As the tank filled with water, the 
pressure on the side became too great for the spikes to resist; 
hence, they were drawn out to the extent shown, and the plank a 
bulged outwards about } inch. The lead lining, however, fitted 
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‘snugly against the woodwork and when the plank a bulged. out- 

wards, offsets were formed along the edges of the solder c, as 
shown at d and e, which weakened the metal at those points. 
Notwithstanding this defect, the lining would last a reasonable 
length of time if the offsets in the metal did not change their 
shape. If, however, the side a should spring back to its original 
form when the tank is emptied, or should the lining change 
much in temperature, and thereby cause the offsets to com- 
pensate for the expansion and contraction of the sheets, the 
metal along the edge of 
the wiping would soon 
become brittle to a 
certain extent, a crack 
finally being formed 
along the edges of the 
wiping. The use of long 
screws or lag screws in- 
stead of nails or spikes 
will prevent the warp- 
ing to a great extent. 


30. Tank lining 
showing the results of 
wear or pinholes should 
not be repaired, but should be replaced by new lining as soon 
as it is found to be worn. 
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31. Open steel tanks are usually made from steel plates 
2 inch to } inch thick, riveted together and calked so as to be 
made water-tight. Such tanks are usually rectangular in shape, 
although almost any design can be obtained on a special order. 

Steel tanks should be set on a flat, solid platform to prevent 
the bottom seams being strained by the sheets bulging with 
the pressure. To prevent corrosion, steel tanks should be 
painted both outside and inside with two coats of paint, 
composed of pure red lead, pure boiled linseed oil, and just 
enough white lead worked in to give the paint a body and 
prevent the red lead from settling to the bottom of the paint 
pot. Then, after the tank has been set and all pipe con- 
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nections made, the inside should be painted with one coat of 
asphaltum. 


32. Connections to Tanks.—The pipe connections to 
house tanks may be made in different ways. Fig. 13 shows 
a lead-lined tank with the several connections that are most 
commonly made in practice. The soldered seams at a and b 
and the solder dots, or bull’s eyes, c are all wiped. An oval 
funnel-mouth overflow is wiped to the tank at d. This over- 


flow may discharge on the roof or may be carried down and 
discharge into a water-supplied fixture, such as a safe-waste 
sink in the basement. A telltale pipe $ inch in diameter is 
wiped to the end of the tank at e, a point about 4 inch below 
the level of the bottom of the overflow opening. This telltale 
is used only when the tank is supplied by a pump, and is intended 
to indicate when the tank is full. The lower end of the telltale 
pipe is open and it discharges into a plumbing fixture near the 
pump. When the tank is full, water flows down the telltale 
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pipe and is seen by the person at the pump; or, the telltale may 
be used to automatically stop the action of a power pump. 
The pipe shown passing up through the bottom of the tank and 
wiped at f supplies the kitchen boiler with cold water, and is 
generally also allowed to supply cold water to the plumbing 
fixture. This method gives satisfaction, provided the tank is 
refilled as soon as it becomes empty. If the pumping is liable 
to be neglected, a separate pipe may be run to supply cold 
water to the plumbing fixtures, allowing the inlet end to be 
about 6 inches above the bottom of the tank, as shown at g. 
Water then fails to flow from the cold-water faucets before the 
supply to the boiler is stopped, and helps to prevent trouble 
due to steam being formed in the boiler. The pipe h shown 
turning over the top of the tank with a gooseneck bend is the 
discharge pipe from a pump. If the water makes too much 
noise in falling into the tank from h, a deafening pipe may be 
used. This is a pipe one or two sizes larger than h, with its 
upper end slipped about 2 inches over the discharge end of h, 
the lower end resting on the bottom of the tank. A number 
of large holes are cut in the deafening pipe, commencing about 
6 inches above the bottom, through which the water will flow 
to the tank. The slip joint at the top must be sufficiently 
loose to allow air to freely flow into h and prevent the water 
in the tank from being siphoned back to the well through the 
pump, should the pump valves leak. 


338. Tanks above roofs are usually elevated a few feet in 
order that connections may conveniently be made underneath, 
and that the tanks may be protected from frost by suitable 
casings. Tanks in sheltered positions are usually set on flat 
floors, and the pipe connections that supply the plumbing 
fixtures are made at the side of the tank. 

The usual manner of supporting and connecting a house tank 
above a flat roof is shown in Fig. 14. The tank a is supported 
by two 8-inch I beams b resting on walls of the building, wooden 
beams c being placed between the bottom of the tank and the 
top of the I beams in order that the bottom edge d of the tank 
may come clear of the Ibeams. The supply pipe e enters the 
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tank through the bottom and extends to above the water level, 
where it is secured to the side of the tank. A ball-cock f, 
connected to the supply pipe near the top, controls the supply 
of water to the tank and automatically shuts it off when it 
reaches a certain level. An overflow pipe g discharges onto 
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the roof. An emptying pipe h connects to the overflow pipe, 
or may discharge independently onto the roof. The supply 
pipe z to the building enters the bottom of the tank and is held 
firmly in position by the lock nuts, as shown. 


34. Connections to steel tanks should be made by the use 
of tapped flanges, sometimes called spuds, riveted to the tank 
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shell as shown in Fig. 15. The spud a is tapped to receive 
an iron pipe b and is riveted to the tank body c as shown. A 
sketch giving the 
exact location and size 
of these tappings 
should always be sent 
to the factory where 
the tank is to be built. 


35. Should it be 
necessary to make a 
pipe connection to a - 
steel tank at a point where there is no spud, the connection can 
be made as shown in Fig. 16. A long thread is cut on the end 
of the pipe a, and a locknut bis screwed on the pipe. A gasket c 
is then slipped over the thread and the end of the pipe is pushed 
through the tank; another gasket d is now slipped over the 
thread and the locknut e solidly screwed down. This joint is 
liable to leak because of the vibration of the pipe, and is not 
as good as that shown in Fig. 15. 

Connection to the bottom of the tanks should always be made 
with an offset, to give a spring piece under the tank that will 
compensate for vibration or a settling of the pipe or the tank. 
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36. Every open supply tank should be provided with an 
overflow pipe to remove surplus water that may be discharged 
into the tank and thus prevent an overflow. Ball-cocks fre- 

quently leak and do not 
G Z shut off when the tank is 


We 
SSIS full. Pumping may even 
be continued after a tank is 


2 S» Yi 

full, through neglect of the 
pump attendant, or failure 
in operation of a pump gov- 
ernor. 

The size of an overflow 
pipe depends on the quan- 
tity and character of the supply to the tank; in any case, it must 
be larger than is actually required to remove the volume of 
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supply. If roof leaders discharge into a tank, the overflow should 
be at least one size larger than the combined areas of the lead- 
ers. If the tank is supplied by a ball-cock or pump discharge 
pipe, the overflow should have a sectional area at least six times 
that of the supply pipe, because the velocity of the supply stream 
may be considered to be at least six times as great as the velocity 
of the water flowing through the overflow pipe. Thus, a #-inch 
ball-cock, which has a nominal sectional area of about .5 square 
inch, should be accompanied by an overflow having an area of 
.5X6=8 square inches. which nearly equals a 2-inch pipe. 
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A 3-inch ball-cock may be accompanied by a 13-inch or a 13-inch 
overflow, the latter size being used if the water pressure is over 
75 pounds per square inch. The mouth of an overflow should 
always be funnel-shaped, to enable a large volume of water to 
enter freely at a low velocity. 


37. Standing overflows are made funnel-shaped, like a long 
horn, the inlet mouth being about twice the diameter of the 
base. A ground-brass plug and socket connects the overflow 
to the waste pipe at the bottom of the tank. When it is desired 
to empty the tank, the overflow horn is pulled out, the sediment 
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is stirred up, and the contents allowed to drain away through 
the overflow waste pipe. 


38. In buildings that are supplied with separate systems 
of piping for different classes of fixtures, as is sometimes the 
case in localities where water is scarce, the different supplies 
from the tanks are connected as shown in Fig. 17. The pipe a 
that supplies the least important class of fixtures, such as lawn 
and street sprinklers, extends to near the high-water line of 
the tank, so that when water is scarce it will be cut off from 
these fixtures first. The pipe b, which supplies the class of 
fixtures next in importance, such as water closets, bathtubs, 
etc., is the next highest pipe and the second one to be cut off 
when water in the tank is low. The pipe c is the next in impor- 
tance. It supplies the kitchen sink and laundry tubs and is the 
third system to be deprived of water when water in the tank is 
low. Pipe d is the most important supply of all. It is the 
cold-water supply to the hot-water boiler and is the very last 
pipe from which the supply is cut off. 

If each supply line is to be vented so that the air will flow 
into a line and allow the water to be drained out when the 
valve under the tank is closed, a 4-inch or a 32-inch pipe may be 
connected to each pipe under the valve and run up over the 
tank, as shown at e. 


39. Supply to Tanks.—In many cities, the water pres- 
sure is sufficient to raise the water above any of the buildings; 
in other cities it can perhaps rise only to the second or the third 
stories of some of the buildings. The plumber should ascertain 
just how high the water will rise before he commences any of 
the plumbing work, because the system of piping, or the method 
of supplying and distributing the water, that is best adapted 
for the building will depend chiefly on the height to which the 
water will rise. This height can be ascertained only by apply- 
ing a pressure gauge to the main, or service, pipe and computing 
the vertical height of a column of water required to counter- 
balance the pressure indicated, which is done by multiplying 
the pressure, in pounds per square inch, by 2.3; or, it may be 
approximated by comparison with the height to which the 
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water will rise in adjoining buildings. If the water will not 
rise high enough to supply the plumbing fixtures on the top 
floor at all times, a storage tank must be placed somewhere, 
usually above the roof or immediately under it, to contain a 
supply of water for the 
building, or at least for 
- = == f@ that part to which the 
: : S water will not rise. 
t In many localities, 
however, water will rise 
and supply the top floors 
of qa building during the 
night, but not during the 
day. Thisis due to larger 
quantities of water being 
a | drawn from the street 


A, ” 


mains during the day 
4 than during the night, 
and is called an zntermtt- 
tent supply. When such 
a condition as this is en- 
' countered, a house tank 
F should be located at a 
convenient point above 
the highest fixture. The 
ee, tank should be large 
enough to hold a 3-days’ 
supply of water for the 
building. To save the labor and expense of pumping water to 
the tank, the service pipe should be large, so that when the 
pressure comes on during the night the tank will fill and be 
ready to supply the building in the morning. 
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40. There are several methods of connecting up a tank 
to the street service and the house-distributing pipes, but the 
most common, and probably the best, is simply to extend 
the service pipe from the street main to the tank, taking off 
as many branches as can safely be supplied at all times by 
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street pressure. When the water pressure increases in the 
mains, water will rise through this pipe and overflow into 
the tank, where it will remain until drawn off at the house 
fixtures. To prevent the tank from overflowing during the 
night, the flow into the tank should be governed by an auto- 
matic regulator, as a ball-cock, for instance. This plan, of 
course, necessitates running two lines of pipe, the one being 
an inlet to, and the other an outlet from, the tank. 

Fig. 18 shows how one of the lines can be dispensed with, 
the other line being made to do the work of both. The tank a 
is supposed to be in the attic or on the top floor. The pipe b 
joins it to the city main, a check-valve being placed on b at 
a height below which there will be sufficient pressure in the 
pipes to supply the plumbing fixtures, even at the lowest 
pressure likely to prevail at any time. This main check-valve 
opens toward the tank. Two other check-valves c and d are 
attached at the tank end of the rising line b. The check- 
valve c allows water to flow from the tank into b, but prevents 
a flow from 6 to the tank, while d allows water to flow from b 
into the tank but prevents any air or water from entering b 
through the ball-cock e. The operation of this arrangement is 
as follows: When the street pressure is high enough, water 
will rise in b until it flows through e into the tank, and then 
all the fixtures in the building will draw their supply direct 
from the street through b. When the street pressure is not 
sufficient to raise water to the tank, water will flow from the 
tank through c to 6 to all fixtures that take their supply from 
points between the main check-valve on the riser and the tank. 


41. Tanks are sometimes installed in buildings that could 
be supplied directly from the city mains. ‘This is done to pro- 
vide a temporary supply of water in case the water is shut off 
from the street mains, and also to relieve the distribution 
system of the stresses inseparable from a high-pressure supply. 
To supply the tank with water under such conditions, the 
service pipe from the street should be run up to the tank and 
terminate with an air chamber on top, as at z, Fig. 13, a ball- 
cock being connected to it and screwed down to the top of the 
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tank as shown. The spherical ball float shown at the end of 
the lever rises and falls with the surface of the water in the 
tank, shutting or opening the cock, and thus automatically 
keeps the tank full. Should the noise of the water falling into 
the tank from the ball-cock be undesirable, it can be practically 
stopped by the use of a deafening pipe. An expansion pipe 
from the highest point of the hot-water distributing pipe that 
supplies the plumbing fixtures with hot water from the kitchen 
boiler may be run up to and bent over the top of the tank, as 
may also any pipe used to remove air from a trapped part of 


TABLE I 
APPROXIMATE WATER CONSUMPTION 


Kind of Building bby aiatidees ss 
Ordinary dwellings, tenements, and flats... 20 
Apartment houses and mansions.......... 25 
ELOtElS ROR io aint = oe Ome teshere eerie! 30 
Ofiee-puildin gs... ce en... Like aes 15 
Ordinary Schools). skeet me ie ot ee IO 


the water-pipe system. If roof water is to be run directly into 
a tank, the roof leader pipe may discharge over the top of the 
tank. In such a case, the overflow d should be a size larger 
than the roof leader discharge pipe, and the funnel mouth 
of d should be twice the sectional area of d to prevent the tank 
from overflowing during a heavy rainstorm. 


42. Size of Tanks.—The size of house tank required to 
store water for a building depends on the number of inmates 
to be supplied and the daily quantity of water required for 
each person. The amount of water required by each inmate 
daily has been found to vary with the class of the building. 
For instance, a larger quantity of water per person would be 
used daily in a hotel, where the inmates spend the greater part 
of the 24 hours, than would be used in a school building, where 
the students spend but a few hours of the day. Table I, 
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showing quantities of water required for different classes of 
buildings, is compiled from experience. The volume of water 
needed per day for purposes other than ordinary usage at the 
plumbing fixtures, such, for example, as water motors, care 
and watering of stock and cattle, carriage washing, lawn 
sprinkling, etc., should be added to that calculated from the 
data given in Table I. 

The actual amount of water required for each person, child 
or adult, in a private residence has often been estimated at 
25 gallons per day. This amount is used approximately as 
follows: 


ese ea as css Sad he oul 1 quart 

LE ee OE ears ae A a nn 1 quart 

Washing dishes and cooking utensils..... 1 gallon 
Riouse eleaniitwas et fo oe eee eS 2 gallons 
Wisehpeloinesis Ns. hots saeco ws oor . 3 gallons 
Toilet purposes. . oA orp SES a ae 5 gallons 
Bathing and pater aoces Bee 134 gallons 


A horse will drink about 7 gallons of water per day, and 
will need 4 gallons for washing. 

A carriage or automobile will require from 9 to 16 gallons 
for washing. 

A cow will drink 5 to 6 gallons per day. 

Tanks supplied from city mains need not be larger than 
required to hold a 2-days’ supply. Those that depend on one 
pump should contain at least 1 week’s supply, if water is taken 
from a well or similar source; if dependent on rain only for 
supply, the tanks should hold enough water to last 1 month, or 
more, dependent on the frequency and duration of rains. 


48. Protection of Tanks.—Sanitary conditions must 
exist in and around an open tank in which is stored water to 
be used for drinking and culinary purposes. Dust and vermin 
must be excluded from the tank, and the place of its location 
should be so ventilated that the surrounding air will be pure. 
The tank should in all cases be provided with a close-fitting 
cover, in which may be a large opening covered by a fine-mesh 
woven brass screen to afford ventilation to the tank. 
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44. Protection against frost must be considered in making 
tank connections. Fig. 19 shows the cold-water supply con- 
nection made to a copper- or lead-lined tank in a cold attic. 
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A round-way stop-and-waste cock a has its inlet end wiped to 
the tank lining 1 or 2 inches above the bottom. The cock 
should be driven in to fit the wood tightly. The outlet end 
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may be wiped to a lead supply pipe, as shown, or be screwed 
to an iron or brass pipe with a spring piece to take any stress 
off the lining. The pipe is covered with hair felt b and a canvas 
jacket, which may be sewed or secured with copper wire. A 
wooden box having a hinged cover c is fitted around the cock, 
and the space is filled in with sawdust or mineral wool. By 
connecting the cock close to the tank, the water may be shut 
off and the pipes drained while the tank remains full. All 
exposed pipes that cannot be boxed in may be covered with hair 
felt 1 or 2 inches thick, the felt being covered with canvas; or 
special pipe coverings may be used. 

A tank located outside, or on top of a building, should be 
provided with a wooden housing to protect it from frost and - 
from the heat of the sun, and more especially where the water 
may be used for drinking purposes, every precaution must be 
taken to avoid the vicinity of soil pipes, vent pipes, and all 
other possible sources of contamination by foul air and dust. 


45. Tank Safes.—When copper-lined or lead-lined tanks 
have been in service a number of years, they frequently leak. 
During warm, humid weather the moisture in the atmosphere 
condenses on the sides of steel tanks and drips off the bottom; 
sheet-metal safes should therefore be provided under tanks 
inside buildings, to catch leakage and condensation drips, and 
thus prevent the buildings from being damaged by water. 
The safes should be made of 14-ounce or 16-ounce sheet copper, 
or 4-pound to 6-pound sheet lead. The edges all around should 
be turned up at least 3 inches and protected by being nailed 
to the top of a wood fillet, or against the walls. If possible, the 
upstand of the safe should project at least 3 inches beyond 
the sides and ends of the tank. A waste pipe, 1¢ inches for 
small tanks and 14 inches for large tanks, should connect the 
safe to a safe-waste sink in the cellar, or a slop sink, if such is 
conveniently located in the building. This pipe should dis- 
charge openly over and into the fixture, a flap valve being 
placed over the mouth of the pipe. The end connecting to the 
safe should be protected by a convex brass grating soldered 

over its open mouth. 
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PNEUMATIC-TANK SUPPLY 


46. Location and Construction of Tanks.—An exten- 
sively used method of supplying water to buildings consists of 
closed chambers in which air and water are confined under a 
pressure more than sufficient to raise water to the highest 
fixtures supplied. Then, when a faucet is opened the com- 
pressed air in the top of the tank expands and forces the water 
out of the tank and through the open faucet. Compressed-air 
pressure, that is, pneumatic pressure, being used as the force 
to supply water to the fixtures, such storage tanks are known 
as pneumatic tanks. With this method of supply a storage 
tank may be located at any convenient place about the premises. 
Generally, however, it is placed in the ground, or in the cellar, 
where it is out of the way and can be kept cool. In order that 
a pneumatic tank may operate satisfactorily, it must be per- 
fectly air-tight; otherwise, the air will escape, its pressure will 
be lost, and the water, consequently, will not flow from the tank. 


47. Pneumatic tanks are made of wrought iron or steel, 
and should be cylindrical in form. The thickness and size 
of the plates, rivets, and other parts are usually determined 
by the manufacturer. The plumber orders the tank of a cer- 
tain capacity or cubical contents, or, better still, of a certain 
length and diameter to suit the location. He should accom- 
pany the order with a sketch, showing the location and sizes of 
the pipe tappings, etc., and specify that the tank be required 
to successfully withstand a water test at a pressure equal to 
at least three times the maximum working pressure. Thus, 
it is known that the water pressure in a certain building will 
vary from 40 to 100 pounds per square inch; then the maximum 
working pressure is 100 pounds, and the tank should be tested 
by filling it with water and pumping up a pressure of 300 pounds 
or more. This test should be made by the plumber before 
connecting up the tank. 

If a pneumatic tank contains air at atmospheric pressure 
and water is pumped into it, the absolute pressure resulting 
in the tank will be inversely as the volume of the air. Thus, 
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when the tank is half full of water the pressure will be about 
30 pounds absolute per square inch. When three-quarters full 
the pressure in a tank 8 feet high will be about 60 pounds, etc.. 
as shown in Fig. 20. When the pressure varies between 45 and 
75 pounds absolute, that is, between 30 and 60 pounds by the 
gauge, the tank is between two-thirds and four-fifths full, if 
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air has not escaped. Any working pressure within these limits 
gives good results in buildings four stories and less in height, 
the tank being in the basement. 


48. In calculating the proportions of air and water in a 
pneumatic tank, it is assumed that the tank is perfectly air- 
tight, that the temperature of the air is uniform, that the tank 
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is empty except for being filled with air at atmospheric pressure, 
and that no air is introduced with the water while being pumped. 
The ordinary pressure gauge registers only pressures above 
that of the atmosphere, which is equivalent to an absolute 
pressure, reckoned from a total vacuum, of about 15 pounds 
per square inch. The rule for computing the final volume of 
air in a cylinder, compressed from atmospheric pressure to a 
final pressure, under above conditions is as follows: 


Rule.—Multiply the initial absolute pressure by the imual 
volume, and divide the product by the final absolute pressure, to 
determine the final volume. 


For example, if a tank of 400 gallons capacity, containing air 
at atmospheric pressure, is pumped up to 45 pounds gauge 
15X400 _ 6,000 _ 100 gal- 
15+45 60 
lons. Therefore, the tank will contain 100 gallons of air and 
300 gallons of water. 

From the foregoing it would appear that, after pumping this 
tank up to 45 pounds gauge pressure, 300 gallons of water would 
be available for use from the tank at any faucet on the dis- 
charge pipe. This, however, is not the case, for the elevation 
of the faucet above the tank will govern the quantity of water 
that may be drawn from the faucet, the number of gallons 
being proportionately less as the elevation of the faucet above 
the tank is increased. 

To illustrate, if a faucet from which the water is to be drawn 
is located 20 feet above the tank, the pressure required to 
overcome this static head and raise water to the faucet would 
be approximately 10 pounds. Assuming that the 400-gallon 
tank which is pumped up to 45 pounds gauge pressure is to 
discharge through this faucet, then the water would cease to 
flow when the air pressure was reduced to 10 pounds by the 
gauge, or 25 pounds absolute. At this pressure the volume of 
Loe =240 gallons. Therefore, 

5+10 


pressure, the final air volume will be 


air in the tank would be 


there would yet be 400—240=160 gallons of water in the tank 
that could not be delivered under the condition mentioned. In 


$51 COLDIVATER SUPPLY 39 


order to deliver to the faucet all the water in the tank, a sufficient 
additional quantity of air must be forced into the tank so that 
the pressure will not be below 10 pounds when the water is 
all out. 

If 10 pounds of air pressure is raised in the 400-gallon tank 
before pumping any water into it, and the tank is then filled 
with water until the gauge registers 45 pounds per square inch, 
then by the rule, the comparative volumes of air and water in 
(10+15) x 400 _ 10,000 

15+45 60 
= 1663 gallons of air at 45 pounds gauge pressure; the volume 
of water will therefore be 2334 gallons, and all of the water 
can be drawn out at a faucet 20 feet above the tank. 


the tank can be determined as follows: 


49. The total capacity and the delivering capacity of a 
pressure tank can be found by the aid of Table II. The figures 
in the body of the table are the factors by which the quantity 
of water in U. S. gallons is to be multiplied to determine the 
total capacity of the tank or by which the total capacity of the 
tank is to be divided to determine its delivering capacity. 
The fractions in the column at the left under the head Frac- 
tional Volume of Tank Filled indicate the fractional part of 
the tank that will be filled with water at the different pressures 
in pounds per square inch given in the second column. The 
horizontal row of figures at the bottom of the table give the 
number of feet to which the water is to be raised in order to 
reach the point of discharge. The factor to be used for multi- 
plying or dividing will be found in the horizontal line opposite 
the figures giving the pressure per square inch and in the column 
above the figure giving the number of feet to which the water 
is to be elevated. 

EXAMPLE 1.—What should be the total capacity of a tank to deliver 


100 gallons of water to fixtures located 30 feet above the tank, the pressure 
in the tank being 45 pounds per square inch by the gauge? 


SoLution.—According to the explanation given for the table, the 
required quantity of water is to be multiplied by some factor found in 
the table. By referring to the table, the factor for a height of 30 feet and 
a pressure of 45 pounds will be found to be 3.51. The total capacity of 
the tank must therefore be 3.51 X100=351 gal. Ans. 


ON 
e 
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EXAMPLE 2.—How many gallons of water can be delivered to a height 
of 40 feet by a pressure tank having a total capacity of 500 gallons, the 
pressure in the tank being 70 pounds per square inch by the gauge? 


SoLution.—According to the explanation of the table, the quantity of 
water that can be delivered can be determined by dividing the total capa- 
city of the tank by some factor found in the table. By referring to the 
table, this factor is found to be 3.48. Therefore, the number of gallons 
that can be delivered is 500+3.48 = 143.68 gal. Ans. 


EXAMPLE 3.—How many gallons of water can be delivered to a height 
of 20 feet by a pressure tank having a total capacity of 500 gallons, the 
pressure in the tank being 70 pounds per square inch by the gauge? 


SoLuTION.—By referring to the table, the factor to be used for a height 
of 20 feet and a pressure of 70 pounds is found to be 2.19. Therefore, the 
quantity that can be delivered is 500+2.19=228.3 gal. Ans. 


50. In the examples given it was considered that no water 
was pumped into the tank when the supply was being drawn on. 
In the case of tanks operated by automatic pumps, such as 
electric motors, the tank capacity may be less, as the pump will 
start into operation almost as soon as water begins to flow out. 

The manufacturers of pneumatic water-supply systems are 
always willing to aid plumbing contractors by giving them 
information. 


51. Advantages of Pneumatic Supply.—Tanks of the 
pneumatic type have many advantages, among which are: the 
water stored is free from contamination by dust and dirt; 
the water is cooler than water from open gravity tanks during 
hot weather; the tank can be located in the cellar or any con- 
venient place,‘and it is not necessary to reenforce the building 
to support one; leakage from the tank will not damage a build- 
ing when the tank is in the cellar or is buried in the earth. 

The disadvantages are: the air will escape from the tank no 
matter how well it is made; even if the tank were perfectly 
air-tight, the air would slowly be lost by absorption in the water, 
and the air must, therefore, be renewed periodically. This is 
effected in large installations by attaching to the pump an air 
compressor that forces air into the tank. In small installations 
a petcock attached to the suction pipe of the pump may be 
opened periodically and the pump allowed to draw air and 
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discharge it into the tank with the water. When the water is 
drawn from the tank, the pressure decreases directly as the 
volume of the air is increased; consequently, there is an irregular 
pressure in the plumbing system. 


52. Operation of Pneumatic Water-Supply Systems. 
All pipe connections to a pneumatic tank must be made at 
the bottom, and the seams and manhole plates should be 
placed at the same point. In this way, if there is a leak, the 
water and not the air will escape. 

The construction of a pneumatic-tank system is shown in 
Fig. 21. An air-tight steel tank A is connected to a force pump 
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in a well B by means of an inlet pipe a and a delivery pipe ), 
and an outlet c is led to the house to be supplied with water. 
A check-valve d prevents the water in the tank from flowing 
back into the pump or out of the hydrant e above the surface 
of the ground. The plunger in the pump cylinder can be 
operated by the gasoline engine f, or, in case the engine is out of 
commission, by the hand-pumping attachment g. The pump 
shown is single-acting, and it raises water with the up strokes 
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of the plunger in h. A stuffingbox at i, through which the 
plunger rod j moves, makes a water-tight joint. The hydrant e 
is provided with a valve at k and is opened and closed by the 
wheel /. When the valve is closed water is shut off from e and 
its supply pipe is drained below the frost line. A small air 
pipe m is attached to the pump, and when this pipe is open 
each stroke of the pump plunger forces air into the tank to 
recharge it. The safety valve n relieves the tank of excessive 
pressure, and the gauge o indicates the pressure in the tank. 

To obtain satisfactory results from a pneumatic pressure 
tank, water must be pumped into it frequently, and also a 
correct volume of air must be maintained in the tank. 


53. Fig. 22 shows a large pneumatic water-supply system 
suitable for large institutions, small communities, etc. The 
tank, pumps, motor, etc. are located in a pump house below 
the surface of the ground, as shown. Jn the illustration a 
battery of two pressure tanks a is shown, although one large 
tank can be used in place of the two, provided that the location 
and conditions will admit the installation of the larger tank. 
The tanks are supplied with water from the well by a pump 3), 
and an air pump c maintains the air pressure in the tank, both 
pumps being connected by belts to countershafting at d. This 
shafting is driven by an electric motor e, which is automatically 
started and stopped at any predetermined pressure in the tank 
by a pressure regulator f. This regulator is operated by the 
pressure from the tank a through the pipe g and automatically 
turns on and closes off the electric current. A main switch is 
shown at h, and a rheostat for controlling the speed of the motor 
at zi. The pump discharge is equipped with an air chamber j, 
a check-valve k, and a relief valve 1. The main water-supply 
pipe is shown at m, and the gauge m indicates the pressure, in 
pounds per square inch, in the tank. 

The front head of each tank extending into the cellar is 
provided with a gauge glass o with a shut-off valve at each 
end, one above, the other below, the water level in the tank. 
The operator can thus determine the depth of water in the 
tank, and by comparing it with the pressure on the gauge n he 
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is in a position to know when to admit more air, which he can 
do by sliding the air-compressor belt over on the compressor 
drive wheel from a loose pulley on the shafting. 


DIRECT SUPPLY FROM WELL 


54. To obtain a supply of water direct from a well or 
cistern to the plumbing fixtures, without the use of water- 
storage tanks, an air-pressure system having a lifting mechanism 
in the well is now being successfully installed. The advantage 
of this system is that fresh, cool water is obtained at all times. 

This method of distribution of water under pressure is made 
possible by a pneumatic pump, which may be placed in a well 
or other source of supply. The pump is operated by com- 
pressed air, which, by means of an automatic valve, forces 
water alternately out of two cylinders, producing a reasonably 
steady and continuous flow at any desired pressure. The pump 
operates only while water is being drawn; it starts automatically 
when a faucet is opened and stops when it is closed. 


55. <A direct well supply system is shown in Fig. 23. 
It is essentially composed of a motor, an air compressor, a 
compressed-air storage tank in the building, and a pump in the 
well. The compressor is operated by an electric motor a, 
although any other power may be used, such as a gasoline 
engine, windmill, or hand power. The motor is automatically 
controlled by a switch b, which starts and stops the motor at 
any fixed air pressure in the tank, the air being admitted to the 
switch through the pipe c. The air compressor d is used to 
compress the air in the air tank e. The compressor should be 
placed as near the air tank as conditions will permit; if the 
distance between the compressor and tank exceeds 20 feet, 
the pipe between the compressor and tank should be increased 
in size to overcome the friction. A check-valve f, a special 
cut-off valve g, and a safety valve h are placed on the pipe 
between the tank and compressor, as shown. The air tank e 
can be placed in either a horizontal or a vertical position. The 
air is conducted to the pump located in the well through the 
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pipe 7, which is connected to the top of the tank as shown. 
As condensation takes place in the tank, a drain cock 7 is pro- 
vided at the bottom of the tank to allow the condensation to 
be drawn off. The pressure gauge k indicates the pressure 
of the air in the storage tank, which, for the reason of economy, 
should not be heavier than 100 pounds. Another pressure 
gauge / is located in the well box near the pump to indicate the 
working pressure, which, under no conditions, should be less 
than 25 pounds. The pressure-reducing valve m should be 
set so as to allow at least 1 pound pressure for each 2 feet that 
the water is to be raised, the measurements being taken from 
the bottom of the pump to the highest fixture. In order to 
increase the working pressure, the spiral spring shown at the 
bottom of the reducing valve is tightened; to decrease the 
pressure, the spring is loosened. After the valve is put in posi- 
tion and before turning the air into the pump, all dirt should 
be thoroughly cleaned from the air pipe 7, by removing the 
plug n shown at the top of the reducing valve, taking out the 
small valve stem, and with an air pressure blowing out all dirt 
or scale from under the valve seat, and carefully cleaning the 
seat of the valve before replacing it. A throttle valve-o is 
placed on the water-supply pipe in the well pit, to steady the 
operation of the pump and equalize the discharge and intake, 
so that no more water can be forced out of one cylinder than 
will flow into the other by natural submergence pressure. A 
cut-off valve, or stop-valve, p is provided on the air pipe; also a 
relief valve, or petcock, g. If the pump fails to operate freely, 
due to being air bound, the cut-off valve should be closed and 
the relief valve opened, thus allowing all the air to escape 
from the pump; the relief valve is then closed and the cut-off 
valve opened, when the pump will ordinarily start. 

The pump consists of two cylinders r and s, each provided 
with a water-inlet valve and a discharge valve in the bottom, 
and an air-inlet valve and exhaust valve at the top. All of 
these valves open and close automatically in the filling and 
emptying of the cylinders, and are so arranged that while one 
cylinder is discharging the other is filling. The cylinders are 
submerged, consequently the water will flow into them by its 
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own weight through the strainer v. When all the faucets in 
the system are closed, the pump is idle with one cylinder under 
pressure, the compressed air from the tank being used only in 
proportion to the quantity of water drawn. 


56. The operations of the pump are as follows: When 
water is being drawn at a faucet and the cylinder 7 is under 
compression, the air pressure exerted on top of the water in r 
forces it through a discharge valve in the bottom of the cylinder, 
into the house-service pipe ¢ and to the faucet; while the water 
is being discharged from this cylinder, the water-inlet valve 
at the bottom and the air-exhaust valve at the top are closed. 

In cylinder s the conditions are reversed; air is exhausting 
from the exhaust valve in the top of the pump through exhaust 
pipes u and the pressure of the water in cylinder 7 has closed 
the water-discharge valve leading from cylinder s to the main 
water pipe t. This action permits the inlet valve to open in 
cylinder s, which allows the cylinder to fill with fresh water. 

As soon as cylinder 7 has discharged its supply of water, the 
water-outlet valve closes automatically and the inlet valve 
opens; at the same time the air-inlet valve will close and the 
exhaust valve open, allowing cylinder r to refill, and at the 
same time cylinder s commences to discharge its contents into 
the main supply pipe. The alternate filling and emptying of 
the cylinders is automatic, the action being accomplished by 
opening and closing a specially constructed valve by a mecha- 
nism at x. 

There are several other systems for supplying well water 
direct to buildings without the use of water-storage tanks, but 
in a general way the principles are similar in all. The manu- 
facturers furnish full instructions regarding the erection and 
operation of their respective systems. 
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COLD-WATER DISTRIBUTION 


SUPPLY FROM HOUSE TANKS 


MATERIALS 


57. Lead and galvanized wrought iron are the two materials 
most used for water-supply pipes, although brass pipes and 
tin-lined wrought-iron pipes are sometimes used. 

Lead pipe is best suited for low pressures and for hard water; 
galvanized wrought-iron pipe is generally used for high-pressure 
work, and tinned brass pipe or tin-lined iron pipe should be 
used for water that dissolves lead or zinc. Lead pipe varies 
in weight and thickness, and in practice should be selected of 
sufficient strength to withstand at least double the working 
pressure to which it will be subjected. Lead pipe runs very 
uniform in quality. The grade known as AAA is used exten- 
sively for underground service pipes. 

Wrought-iron pipe varies greatly in quality. Most of the 
so-called wrought-iron pipe now on the market is actually 
made of steel, although it is frequently sold as wrought-iron 
pipe. The name of the manufacturer is invariably stamped 
on every length of genuine wrought-iron pipe. Where 
wrought-iron pipe is to be used in large quantities and there 
is any doubt as to the quality, the owner or architect should 
have it tested chemically. Galvanized pipe is very extensively 
used on all plumbing systems of the ordinary class when econ- 
omy in first cost is a consideration. 

Brass pipe is made in stock lengths of 12 feet, although 
special lengths can be made to order. It may be had tempered 
hard, soft, or medium. For plumbing and steam work, pipe 
of the medium, or regular, temper, as it is termed, is the best. 
This tubing is just sufficiently annealed to make it bend easily 
without cracking. When ordering brass pipe, the plumber 
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should always state for what it will be used. This information 
will greatly assist the dealer or manufacturer in determining 
what kind of pipe will give best results. Where brass pipe 
is exposed in bath or toilet rooms, it usually is nickel plated. 
Brass pipe is used extensively on all first-class plumbing work, 
particularly in private residences and other buildings that are 
not erected as investments. When subject to much hard 
usage and consequent cleaning, however, polished brass pipe 
or white-metal pipe will, be found to wear longer and give better 
results, because it has the same color throughout the entire 
thickness. The brass soon shows through nickel plating and 
thus disfigures the work. 


DISTRIBUTION SYSTEMS 


58. Water-supply systems for buildings should be so 
proportioned that an ample supply of water at low velocity 
can be had at all the fixtures. Generally speaking, the pres- 
sure of water within a building should not exceed 40 pounds 
per square inch. In very high buildings, however, great 
pressure must sometimes be carried at the lower floors in order 
to have sufficient pressure to supply fixtures on the upper floors. 
If these buildings are fifteen stories and upwards in height, 
intermediate tanks are used to supply from eight to ten floors 
and thus maintain a moderate pressure. In such cases, by- 
passes are usually so arranged that the lower floors of a building 
can be supplied from any of the upper tanks. 


59. When buildings are supplied from gravity storage 
tanks, the mains that descend from the tank may be reduced 
in diameter as various distributing branches are taken off. 
This system will economize in the cost of the installation and 
prevent the flow of water at the faucets on the upper floors 
from being reduced by the flow at the lower floors. An example 
of such reduction is shown in Fig. 24. The vertical distributing 
main is reduced in size from 1} inches, where the top branches 
are taken off, to ? inch, where the lowest branch is taken off. 
The reason that this reduction in size is permissible is that 
water flowing from the tank A tends to fall to the bottom of 
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the vertical line of pipe and flow 
out of the lowest branch. Although 
the vertical line is decreased in size 
as it descends, it still follows that 
owing to the greater head there is 
a greater pressure on the lower 
branches than on the higher ones; 
and, to compensate for this differ- 
ence in pressure, the sizes of the 
branches on the different floors may 
be decreased as they descend. Thus, 
in Fig. 24, the top branch is 1 inch 
and the lowest one is 4 inch. By 
this system of. distribution a nearly 
uniform supply of water can be 
given to each floor in a high 
building. 


60. Pipes that rise from a service 
pipe in the basement and ascend 
to the upper stories usually should 
not be reduced in diameter until the 
last branch is reached, because the 
pressure lessens as the height in- 
creases, and to secure a satisfactory 
flow on the upper floors, the pipes 
must be large indiameter. Even if 
the head is so great that the pres- 
sure on the upper floors is ample, 
yet, if the pipes are reduced in 
diameter, a lack of water may exist 
on the upper floors, caused by its 
discharge from the faucets in the 
lower stories. If a faucet in the 
basement is opened, for example, 
the flow from a faucet on the top 
floor that happens to be open at the same time will be checked, 
or even stopped, according to the size of the service main. 
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Horizontal distributing mains may be reduced in size in a 
manner similar to that shown in Fig. 25. However, should 
the distributing branch enter at the opposite end, so that the 
pantry-sink branch would be taken off first, then it would be 
reduced only one'size, that is, from 1 inch to ? inch, because 
its extreme end must equal that of the sink branch. It is 
better to have the distributing mains a little too large than too 
small, as the annoyance of one faucet robbing another will 
then be avoided. 


61. The separate system of distribution is resorted to only 
in localities where water is scarce, or where the tank is not 
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automatically filled and is liable to become emptied. In this 
system, mains are installed for different classes of fixtures 
as shown in Fig. 17, the supply for the least important class 
being taken from near the top of the tank, so that water will be 
cut off from that class first when water is scarce; supplies for 
the other classes of fixtures are taken from nearer the bottom 
of the tank in proportion as they are more or less important, or 
separate tanks may be used for the separate systems, although 
this method is seldom followed because of the increased cost. 


ARRANGEMENT OF STOP-COCKS AND VALVES 


62. All stop-cocks in a building should be neatly arranged 
and grouped together as much as possible, both for convenience 
and appearance. Fig. 26 illustrates how they may be neatly 
arranged over a kitchen boiler, a safety valve being attached 
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ate. The pipe a is the cold-water supply pipe, which connects 
directly with the street mains. The pipes shown connected 
to a are cold-water 


pipes, 6 being the in- oe yo Aue 
ner tube of the boiler. _ i) 


M 


The pipes connected INS 
to the pipe line c at \ 
the right are for the \ \ _ ~ 
distribution of hot \ \ : EYE é ~ 
water from the boiler ) = : VEX VENVEN) 
to the fixtures. No ~~ | | TW I~ 
stop-cock or other —— AIK UIK\) \ 
hori) TO ISht-olt \ \ \ \— 
should be placed be- \\G < \ \ 
tween the safety \ \ , _ 
valve e and the boiler. i . i RIN IN 7 
A stop-cock is placed —— \ \\\3 aN _ 
Se | a 


on the branch that 
supplies the boiler ___ 
with cold water, and _| 
allows the boiler and 
hot-water system to 
be shut off while the 
entire cold-water sup- 
ply to the house re- 
mains in service. 
The safety valve 


\ \ 

blow-off is connected \ 
to the waste pipe d, —— \ | | 
the lower end of which —— ‘i 
; \\ 
delivers openly over __ ANA 
and into the kitchen I 
We! 


sink. The upper end : 
of d is continued Ane ae 


above the safety valve 
and connects with the small +- or 23-inch waste pipes from the 


stop-and-waste cocks which receive the drip from the different 
lines of pipe when the valves are closed. 
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63. In large buildings the service pipe from the street 
main is usually connected to a valve header, from which branch 
connections to the different lines of pipes are made. Some- 
times the valve header is so connected to a storage tank that 
air is locked in the top of the tank, which then serves as an 
air chamber to absorb shocks and equalize the flow; this method 
is shown in Fig. 27. The service pipe a connects to the valve 
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header 6b near the center. Branches c are taken off for the 
various distributing lines; each distributing line is controlled 
by a valve d and is provided with an emptying valve e to empty 
all water from the distributing pipe when the controlling valves 
are closed. The waste pipes from the several emptying valves 
are connected and are discharged into a water-supplied sink 
or other receptacle. A branch f from the service pipe a connects 
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to the bottom of the tank and is controlled by the valve g. 
A water-gauge glass h at the end of the tank shows the pro- 
portion of air and water in the tank, and a pressure gauge 7 
indicates the pressure of water, in pounds per square inch. 
The tank is emptied through the valve 7. The valve k controls 
the water supply for the entire system. Every service pipe, 
where it enters a building, should be provided with a shut-off 
cock, or valve, to control the entire water supply within the 
building. The shut-off should be located as close as possible 
to the wall where the service pipe enters the building, and should 
be of the most approved pattern and best quality of material. 

The apparatus shown in Fig. 27 is particularly valuable in 
cases where a building is supplied from a small main in which 
the pressure is high. While the water is not being drawn in 
the building, the tank is subjected to the full street pressure. 
When more water is drawn in the building than the small 
main can supply, the extra water needed will be drawn from the 
tank and the pressure in the tank will gradually decrease. As 
soon as the heavy draft on the tank ceases, water from the 
street main will enter the tank and the pressure therein will 
run up again. This tank, therefore, operates as a pneumatic 
storage tank. 


SIZES OF WATER PIPES 


64. Sizes of Service Pipes and Branches.—The proper 
diameters of pipes for cold-water supplies depend on several 
conditions, which are: the number and size of faucets likely to 
be discharging water at the same time, the pressure or head of 
water, and the length of the pipe. 

If the pipe is crooked and contains numerous bends or angles, 
due allowance must be made for the resistance arising there- 
from. A pipe of small bore and considerable length is liable 
to be noisy, if the pressure is great, being subject to singing 
noises and water hammer. This defect may be avoided by 
using a pipe of larger diameter, thus reducing the velocity of 
the moving water. 

All service pipes that supply fire-hydrants without the inter- 
vention of storage tanks should be at least 3 inches in diameter. 
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The sizes of mains given in Table III are commonly used 
in buildings where the pipes are not of great length. 


TABLE Ii 
SIZES OF COLD-WATER MAINS 


If the 


Number of Fixtures Mains Will Ordinarily 
Diameter of Mains Supply 
Inches 
Low Pressure High Pressure 

2 10 15 
I 15 25 
IZ 25 50 
13 50 75 
2 US 125 
25 150 200 
3 200 300 
4 300 600 


| 


pressure is less than 30 pounds per square inch, the system 
may be rated as low pressure, and if above 30 pounds, as high 


SIZES OF COLD-WATFR BRANCHES TO FIXTURES 


TABLE IV 


Supply Branches to 


Diameter, in Inches 


Low Pressure 


High Pressure 


Water-closet flush valve...... 
Sitz bath or foot-bath 
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pressure. Judgment must be exercised, however, in using the 
table, as under some conditions larger sizes of pipes would be 
desirable, and under other conditions smaller pipes may be 
used. For instance, in a building where most of the fixtures will 
probably be used at the same time, the largest size mains should 
be employed, while if only comparatively few fixtures will be used 
simultaneously, a smaller size main may answer the purpose. 

The sizes of supply branches to fixtures for high-pressure and 
low-pressure systems can be found in Table IV. 


65. Size of Service Pipes for Direct-Flush Valves. 
Direct-connected flush valves are now extensively used in 


TABLE V 
SERVICE-PIPE SIZES FOR FLUSHOMETER VALVES 


Number of Flushometer Valves 
i, Diameter 
Water Pressure, in Pounds per Square Inch of Pipe 
: Inches 
10 15 20 | 30 | 40 | 50 60 70 8054-90: | 100 
I I I 2 4 4 4 5 I 
I I ie eno Sh S| | OL) are 
Pires as Al Beal Om OY be) 7) 1g 
4 6 6 7 i 8 8 9 Cpl) ey en 2 
Giees |) 6) 16) 10) $823) 14 | 25 \yr6 | S83 |-18'— 23 
7 Sele Ton) Gielil seb! aia doxll Gaye Cem earen | 237. 2 
fr) i141) 26) 19) 21 | 24. 281 3F1 34587) AO 35 
geal 2a 321 AO) AS | 56) O45 7OV 751075) 80 4 
40| 45| 50] 60} 7O| 80| 90] 100} 110] 120] 130 At 
60} 70] 80] 100} 120 | 140 | 160 | 180 | 200 | 220 | 240 5 
100 | 125 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500 ; 550 6 


place of overhead tanks to flush water closets, urinals, or slop 
sinks. They may be supplied with water direct from the street 
service, or, as is generally the practice, from a special tank in 
the attic. They are made to operate under high or low pres- 
sures, but, as a rule, are not suitable for pressures less than 
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10 pounds. The sizes of rising mains required under different 
conditions are as given in Table V, provided that the length 
of the pipe does not exceed 1,000 times its diameter. 


SUPPLY FROM STREET MAINS 


CONNECTIONS TO MAINS 


66. Water mains are usually tapped and the service con- 
nection made while the water pressure is on. A special tapping 
machine used for this purpose drills and taps the pipe, and 
screws in the corporation cock without permitting water to 
escape. When the corporation cock is screwed into the water 


main, the machine is removed, and the service connection can 
then be made. Tapping of service mains is usually done by 
an employe of the water company or city that owns the plant. 


67. Fig. 28 shows two methods of connecting a galvanized- 
iron service pipe to a cast-iron street main. The service pipeA 
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is connected to the street main B by the brass corporation 
cock C, forming a straight connection at right angles to the 
main. This connection is cheap, but unsatisfactory; if the 
ground is of such a nature that the heavy main B can settle, 
the ends of the cock C are liable to be broken off; also, if the 
service pipe A is long and rigid, it will exert stresses on C that 
may ultimately break the connection. A more reliable connec- 
tion is that by which the service pipe D is joined to the main. 
A corporation cock E is screwed into a hole drilled and tapped 
in the main in the same manner as C, and E is joined to D by 


Fic. 29 


means of a lead-pipe offset F wiped to a brass solder nipple G 
and to a ground coupling and ring, or union, H. The lead pipe 
will easily bend with any change of position due to settlement 
or change of temperature of D. Double A or AAA lead pipe 
should be used for this connection, according to the water 
pressure and the nature of the earth in which the pipe is laid. 


68. Where the service pipe to a building is larger than 
a common corporation cock can supply, and the main cannot 
be cut to allow the insertion of a special branch fitting, a num- 
ber of corporation cocks should be screwed into the main and 
all connected to a special multiple-branch increaser, as shown 


nah 
0 


§ COLD-WATER SUPPLY § 51 


in Fig. 29. The branch increaser shown at a tapers from the 
full size of the service pipe 6 down to the size of the largest cor- 
poration cock allowable by the waterworks authorities. The 
branches taken from the increaser project at an angle of about 
45°, and should beso arranged that the current from any one will 
not affect the flow from any of the others. The lead pipes c con- 
nect to the top of the main d, each piece of lead pipe being a bend. 
Full waterway stop-cocks should be placed on branches as shown 
at e, so that in case of leakage of any connection the water may 
be shut off from any one and still give water to the consumers. 

The sum of the sectional areas of the branches should be a 
little greater than the sectional area of the service pipe, in 
order to compensate for the frictional resistance of the water 
as it flows through them. 


69. In large office buildings, hotels, and in public insti- 
tutions, where an uninterrupted supply of water is necessary, 
two service pipes should connect the building with the street 
mains. Each service pipe should be large enough to supply 
the entire building with water, and each should connect to a 
different water main, and they should be cross-connected in 
the building, so that in case water is cut off from one street 
main an adequate supply can be obtained from the other. 


70. Where a service pipe passes through a foundation 
wall, allowance should be made for probable settlement of the 
wall, and a space of 2 inches or more should be left on all sides 
of the pipe. A good practice is to build into the wall a thimble 
of iron pipe two or three sizes larger than the service pipe. 


71. <A street washer is simply a branch taken from the 
water-pipe system for the purpose of furnishing water for 
washing streets and sidewalks, sprinkling lawns, etc. The con- 
nection, if remote from the building, is usually taken from the 
service pipe at a suitable point underground. A stop-and- 
waste cock, or valve, is placed on the street-washer branch 
below the frost line, and is operated by a rod terminating near 
the surface of the ground, usually within a cast-iron box with 
a hinged cover. The orifice of discharge is provided with a 
hose nipple, and the shut-off cock is drained to a point below 


§ ol COLD-WATER SUPPLY 59 


the frost line when the cock is closed. If the street washer is 
near the building, the connection is made to the main in the 
cellar, where the stop-and-waste cock is also located. 


72. Corrosion of service pipes takes place in soil that, 
owing to its chemical composition, attacks the metal and 
decomposes it. Corrosion may be prevented by protecting 
the service pipe from contact with the earth or with waters 
that have percolated through the soil, by thoroughly covering 
the pipe with a coat of asphalt or other good pipe covering or 
by encasing it in a line of terra-cotta pipe. 

Electrolysis is caused by currents of electricity using water 
pipes for return conductors while following the path of least 
resistance, whence they escape back to the dynamos. Elec- 
tricity causes no damage, however, where it passes along a 
pipe; electrolysis takes place only where the current leaves 
the pipe. It is the cause of serious pitting of water pipes in 
large cities where electricity is extensively used. 


73. The size of the corporation cock that may be attached 
to a street main is usually determined by the water depart- 
ment. The diameter of the service pipe should not be governed 
by the size of the corporation cock, however; it should be 
determined solely by the requirements of the building and the 
available pressure. If a very large quantity of water is 
required, the water authorities will, on due presentation of the 
facts, usually allow a series of connections as shown in 
Fig. 29, or a special connection of the required size to be 
made to the water mains. 


74. A valve or stop-cock, with waste outlet, should ‘be 
placed in the service pipe either at the curb of the sidewalk 
or just inside the cellar wall; when placed at the curb, such a 
cock is generally called a curb cock. This cock should be a 
full waterway of the same size as the service pipe. Care should 
be taken to set the cock so the waste outlet will allow the 
water to escape only from the house side of the cock. Stop- 
cocks located at the curb should be enclosed in tight iron 
curb boxes, having covers flush with the sidewalks, that will 
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keep out surface water, snow, and dirt. 


to escape damage from frost. 
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TABLE VI 


§ 51 


The service pipe 
and curb cock should be placed far enough underground 


g & s Discharge, in Cubic Feet per Minute, Delivered From Pipe Under 

we} ee onditions Indicated in Diagram, Fig. 3) 
gee /=8 
Buf |-8 4 
esa 5 a; Nominal Diameters, in Inches, of Iron or Lead Service Pipes 
Os") 

Sime) 4 5 4 I 1} 2 3 4. 6 
No. 1| 30] 1.10] 1.92] 3.01] 6.13 | 16.58 | 33.34 | 86.16 173.85 | 444.63 
No.1] 40 | 1.27 | 2.22 | 3-48] 7.08 | 19.14 | 38.50 | 101.80 | 200.75 | 513.42 
No. 1]. 50 | 1.42 | 2.48 | 3.89] 7.92 | 21.40 | 43.04 | 113.82 | 224.44 | 574.02 
No. 1] 60] 1.56] 2-71 | 4.26] 8.67 | 23.44 | 47.15 | 124.68 | 245.87 | 628.81 
No.1] 70] 1-74| 3-03] 4-77] 9-70 | 26.21 | 52.71 | 139.39 | 274.89 | 703.03 
No. 1 | 100 | 2.01 | 3.50 | 5.50 | 11.20 | 30.27 | 60.87 | 160.96 | 317.41 | 811.79 
No. I | 130 | 2.29 | 3-99 | 5.28 | 12.77 | 34.51 | 69.40 | 183.52 | 361.91 | 925.58 
No: 24)" 30 |" 2663] T:16,)184"/ "S278 /'16.40 20.207 “50.19 brooks |) anos 
No.2} 40] .77| 1.34] 2.12] 4.36] 12.01 | 24.59] 67.19 | 136.41 | 366.30 
No.2] 50] .86] 1.50] 2.37] 4.88] 13.43 | 27-50| 75-13 | 152.51 | 409.54 
No.2] 60] .94] 1.65} 2.60] 5.34} 14.71 | 30.12| 82.30 | 167.06 | 448.63 
No. 2] 75 | 1.05] 1.84] 2.91] 5.97 | 16.45 | 33-68| 92.01 | 186.78 | 501.58 
No. 2] 100 | 1.22 | 2.13 | 3.36 | 6.90 | 18.99 | 38.89 | 106.24 | 215.68 | 579.18 
No. 2] 130 | 1.39 | 2-42 | 3.83] 7.86] 21.66 | 44.34 | 121.14 | 245.91 | 660.36 
No.3] 30] .55| -86/1.52] 3.11] 8.57|17.55| 47-90] 97-17 | 260.56 
No.3] 40] .66] 1.15] 1.81] 3.72] 10.24] 20.95] 57.24 | 116.01 | 311.09 
No.3} 50] .75] I-31 | 2.06] 4.24 | 11.67 | 23.87] 65.18 | 132.20 | 354.49 
No.3] 60] .83] 1.45 | 2.29] 4.70] 12.94 | 26.48| 72.28 | 146.61 | 393.13 
No.3} 75] -94] 1-64] 2.59] 5.32 | 14.64] 29.96| 81.79 | 165.90 | 444.85 
No. 3 | 100 | 1.10] 1.92 | 3.02] 6.21 | 17.10] 35.00] 95.55 | 193.82 | 519.72 
No. 3 | 130 | 1.26 | 2.20 | 3.48| 7.14 | 19.66 | 40.23 | 109.82 | 222.75 | 597.31 
No. 4 30| -44] -77| 1.22] 2.50] 6.89] 14.11} 38.63] 78.54] 211.54 
No. 4 40} .55] -97| 1.53] 3.15] 8.68|17.79} 48.68 | 98.98 | 266.59 
No. 4 50] .65] 1.14] 1.79] 3.69] 10.16 | 20.82} 56.98 | 115.87 | 312.08 
No.4] 60] .73| 1.28] 2.02] 4.15] 11.45 | 23.47| 64.22 | 130.59 351.73 
No.4] 75| -84] 1.47|2.32| 4.77] 13-15 | 26.95 | 73.76 | 149.99 | 403.98 
No. 4] 100 | 1.00 | 1.74 | 2.75| 5.65 | 15.58 | 31.93 | 87.38 | 177.67 478.55 
No. 4| 130 | 1.15 | 2.02 | 3.19| 6.55 | 18.07 | 37.02 | 101.33 206.04 | 554.96 
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CAPACITY OF SERVICE PIPES 


75. The capacity of water-service pipes of various sizes 
under different pressures, when subject to various back pres- 
sures, may be found in Table VI, which was computed by 
Mr. Kuichling for the Thomson Meter Company. Table VI 
gives the discharge capacity of service pipes under conditions 


Head. 
| 30,40, 50, 60, 75,100,130 /b. per sg. ith.) 


friction of Maitt Disregarded. 


| Friction of Merer Lisregarded. 
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indicated in the diagram, Fig. 30. Condition No. 1 represents 
a discharge at the meter in the cellar; No. 2, the discharge at 
the rear wall of an ordinary cellar; No. 3, the discharge abcut 
on the first floor; No. 4, the discharge about on the third floor 
of an ordinary building. 


DETAILS OF INSTALLATION 


76. Pressure-Reducing Valves.—Fig. 31 shows a pres- 
sure-reducing valve a in a basement, connected to a service 
pipe 6 near where the service pipe enters the building. The 
pressure gauge c indicates the pressure in the service pipe on 
the street side of the reducing valve; the gauge d indicates the 
pressure of the water on the house side of the valve and shows 
whether the valve a is tight or leaking. If the valve leaks, even 
a trifle, the gauge d will soon indicate a pressure nearly or quite 
equal to that shown by c, when no water is being drawn from 
the faucets in the building, and thereby give notice that the 
pressure-reducing valve requires attention. The stop-cock 
shown at ¢ is of the stop-and-waste form, and is used to shut 
off the water from the entire building. 
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77. Service Pipes.—The main service pipe in the cellar 
should be run in an exposed and accessible situation, where 
it will be out of the way and yet not be exposed to frost. A 
good place to locate it is near the cellar ceiling, or alongside a 
blank wall. When laid below the cellar floor, service pipes 
should be readily accessible for connections or repairs. 

All distributing mains within a building should grade to 
some point where the water can be drained from the system 
when the supply is shut off. Water-service mains should be 
well supported throughout their entire length, and should be 
run straight, true, and at uniform grades. 

The hangers used to support water pipes are of the same 
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general patterns as those used to support steam pipes, with 
the single exception that expansion hangers are not required 
for cold-water pipes. 

Where pipes pass through walls and partitions, sleeves should 
be set in the walls to prevent expansion and contraction of the 
pipes from cracking the plastering; escutcheons, or floor and 
ceiling plates, should also be used on walls, floors, and ceilings 
to conceal the space around the pipes. These should be 
placed before plastering or concreting is done. 


78. Covering of Pipes.—Cold-water pipes, exposed in 
warm, humid places are liable to gather moisture from the 
atmosphere, or to sweat, as it is often termed. This trouble 
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can be prevented by covering the pipes with some non-con- 
ducting substance to insulate them from the surrounding 
atmosphere. Wool-felt sectional covering with a canvas jacket 
and asphalt lining is commonly used, and the covering is 
finished with two coats of paint. Hot-water pipes are often 
covered to prevent loss of heat from radiation; this precaution 
is seldom taken in small dwelling houses, but should be observed 
where the hot-water mains are large, as in hotels and apartment 
houses. 


79. Rising Mains.—The vertical pipes that rise from 
horizontal mains in the cellar to supply water to the distrib- 
uting branches on the upper floors of a building are called 
rising mains. They should, when possible, be exposed to 
view or located behind 
removable boards where 
they will be accessible for 
repairs. Whenchoosing a 
location for rising mains, 
care should be exercised to 
select a place that affords 
the best protection against 
danger from frost. Rising 
lines should be well sup- * Pic. 32 
ported throughout their 
entire extent by suitable hangers placed at proper intervals 
under the fittings, if possible. Iron pipe may be supported 
either by pipe hangers or by galvanized-iron straps, spaced 
about 10 feet apart. Lead pipe should be supported by lead 
tacks soldered to the pipe and be secured to the pipe board by 
screws. On vertical lead pipes, tacks should be spaced from 
18 to 30 inches apart, the exact distance being determined by 
the size of the pipe and the temperature of the water that flows 
through it. 


80. Supporting of Lead Pipes.—When lead pipes run 
in a horizontal position on a side wall they should be supported 
by strips of cove or quarter-round molding nailed to the pipe 
board, as shown in Fig. 32. If iron or brass straps are used 
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to hold lead pipe in place, the edges of the straps will cut into 
and weaken the pipe; hence, the use of straps on lead pipe should 
be avoided. ~ 


81. Distribution Branches.—At each floor distribution 
branches are taken off from the rising mains to supply the 
groups of fixtures, and each fixture in the group in turn is 
supplied through a branch taken from the distributing branch. 
Each distributing branch where it is connected to the rising 
main should be provided with a valve or cock to shut off the 
supply of water from the group of fixtures, and where the cost 
is not prohibitive valves should also be placed on each fixture 
branch. 

When possible to do so, distribution branches should be run 
exposed in rooms and not concealed in partitions or under 
floors. Frequently, however, it becomes necessary to so con- 
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ceal the pipes, under which circumstances, if they are located 
over valuable ceilings, they should be placed in lead or copper- 
lined safe boxes, to prevent condensation or leaks from spoiling 
the ceilings or walls. 


82. Notching of Floorbeams.—When a pipe must be 
placed under the flooring, it should be run parallel with the 
floorbeams, if possible. If that cannot be done, notches of 
sufficient depth to admit the pipe must be cut across the beams. 
The notch should be located near the end of the beam, and 
should never be made at, or anywhere near, the middle of the 
beam unless there is a partition directly underneath. 

The strength of a floorbeam is not in direct proportion to 
its depth, but varies with the square of the depth. Thus, a 
beam 10 inches deep is four times as strong as a beam 5 inches 
deep and of the same thickness. For example, in Fig. 33 the 
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strength of a certain beam 10 inches deep, without a notch, 
and loaded at the middle, is 100 pounds. When a notch 
1Z inches deep is cut in the middle of the beam, as at A, the 
depth is reduced to 8? inches, and the strength is reduced in 
proportion to the square of the depth, or to 762 pounds, which 
means a loss of 233 per cent. of the total strength. The same 
notch may be cut near the end, as at B, with a very slight 
loss of strength, unless some very heavy weight rests on the 
beam close to it. A hole of the same diameter may be bored 
through anywhere along the center line of the beam, as at C, 
without perceptible loss of strength, provided that the diameter 
of the hole does not exceed about one-seventh the depth of 
the beam. 

The notching of floorbeams in the middle may not always 
weaken them to such an extent as to make them unsafe, yet the 
practice may spoil the floor, and is almost certain to seriously 
impair its stiffness. 


FIRE-LINES 


83. Standpipes for fire-lines are now installed in most 
large buildings. In some cities this protection against fire is 
a requirement of the building laws. 

The standpipes consist of lines of 3- or 4-inch pipe extending 
from the basement or cellar to the top floor of the building, with 
valves in the corridors of each floor. Usually a branch of the 
standpipe extends through the front wall of the building, 
where it terminates with a check-valve and hose coupling, so 
that connection can be made with fire-engines, or hose from 
hydrants. The manner of installing fire-lines is shown in 
Fig. 34. A 4-inch galvanized-iron standpipe a connects with 
a pump b in the cellar or basement and extends up through the 
various stories of the building. A hose rack c is clamped to 
the standpipe on each floor, and from 50 to 100 feet of Under- 
writers’ linen hose is neatly folded on each rack. The hose is 
provided with a nozzle and is connected to the valve d, in 
readiness for an emergency. In place of hose racks, reels are 
sometimes used. The reels may be clamped to the pipe in 
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the same manner as racks, or, as is sometimes done, attached 
to the stem of the valve, so that the operation of unreeling the 
hose will automatically open the valve. A branch e from the 
standpipe extends through an outside wall in an accessible 
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place, convenient for attaching a hose to it. The branch is 
provided with a check-valve opening inwards, so that water 
can be supplied from the street hydrants, or fire-engine; this _ 
check-valve closes when the pump is operating. The coupling f 
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is used for attaching the hose to the standpipe. The cock g is 
used to empty the standpipes after they have been in use. If 
it is desired to keep up pressure in the standpipes at all times, 
the steam throttle valve to the pump should be provided with 
an automatic regulator that will turn on steam to the pump 
when the pressure in the standpipe falls to a certain point. 
Thus the pump will work automatically as soon as any of the 
hose lines are in use. 


PRESSURE AND SUCTION-TANK CONNECTIONS 


84. Fig. 35 (a) shows the apparatus and pipe connections 
that are frequently used in installing water-supply apparatus 
in the basement of a large building. All buildings of impor- 
tance, such as large hotels, large office buildings, etc., should 
be supplied with water taken from two different street mains, 
so that if the water should be shut off in one main a supply 
can be obtained from the other. Thus there is little danger 
of the building at times being without water, except when the 
whole waterworks system is inoperative. The supply from 
both street mains need not be metered separately unless they 
are the mains of different corporations, when the connectiotis 
may be made as shown in this figure. The street-service pipe a 
leads into the building from one street and the service pipe b 
comes in from another street. The meters a’, b’ are provided 
with fish traps a1, b;, and also with by-pass valves a’’ and b”. 
Check-valves a’, b’” open toward the building. Both mains 
discharge into the large suction pipe c of the fire-pump, which 
is also connected with the suction tank by the pipe d. The 
suction pipe c is cross-connected with the main cold-water 
supply line e, a check-valve being placed at e’ to prevent air 
from being drawn into c through e in case the ball-cocks at 
the suction tank are open while the fire-pump is working. This 
would happen only if the water pressure in the street were 
very low. A branch f is taken fromm the main line e to supply 
two filters that are cross-connected so that either one may 
be used when the other is out of service. The pipes f’ convey 
filtered water from the filters through e to the suction tank. 
A by-pass valve e’” is placed on the main house line and is 
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closed wher filtered water is being run into the suction tank. 
Should both the filters be out of service, however, the valve e”” 
may be opened and the valves on f and f’ closed. Raw water 
from the city mains will then flow into the suction tank, which 
is an open tank with a loose cover and is provided with a 
number of 2- or 24-inch ball-cocks, as shown. A gate valve e’”” 
on the main house line, which valve on the plan view is hidden 
by the air compressor 7, is kept closed to prevent the water 
under pressure in the cold-water tank from by-passing back 
and flowing into the suction tank. The pressure in the cold- 
water tank is considerably higher than that in e, because the 
house pump forces the water into this tank under considerable 
pressure. The cold-water tank shown is a pneumatic-pressure 
tank, and is equipped with a glass water column and a pressure 
gauge, shown at g. The hot-water tank, however, is not a 
pneumatic tank; it is entirely full of water heated by a steam 
coil. The fire-pump is cross-connected, so that it can pump 
either from the street mains or from the suction tank and 
discharge directly into the main h of the fire-line distributing 
system. This fire-line is extended up to a tank on the roof, as 
shown in the diagram, Fig. 35 (b), the pressure in being main- 
tained considerably higher than that in the plumbing pipes. 
The pressure at the pumps will vary according to the height 
of the building. A pressure of about 50 pounds per square 
inch may be maintained in the fire-line at the top floor to secure 
sufficient force for fire-hose there. A check-valve h’’ is usually. 
placed on the fire-pump discharge pipe. The fire-pump is 
provided with a regulator, not shown, attached to the piping h 
and to the steam pipe that supplies the pump, so that when 
the pressure falls slightly in the fire-lines the pump will start 
up automatically and increase the pressure again to the desired 
point, when the pump will be shut off automatically. In 
this way a nearly constant pressure is maintained in the fire- 
line. An air compressor, which may be driven by an electric 
motor or by steam power, is shown at 7. The illustration 
shows a steam-driven device that is supplied with a regulator 7’. 
This compressor supplies air under a suitable pressure for the 
pneumatic-pressure tank. The fire-line is cross-connected with 
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the plumbing system by the pipe h’’’. In the event of the house 
pump being thrown out of service, the fire-pump may tempo- 
rarily be used in its place by opening the valve g”. 


85. While the plant is in ordinary operation the valve on d 
is closed and the fire-pump suction pipe is open directly to the 
street main. The valve d’ on the house-pump suction pipe 
to the suction tank is open, while d” is closed. In the case of 
a fire, the fire-pump will operate automatically as soon as water 
is drawn off and the pressure consequently falls. The house 
pump can be put in service to help the fite-pump by closing 
the valve g’ and opening the valve g’’, the valve ¢; already being 
closed and the valve g’” being open. Should the house pump 
get out of order, and no duplicate house pump is provided, 
the fire-pump may temporarily be allowed to take water from 
the suction tank to supply the plumbing system with pure 
water through the pipe h’”. Although only one house pump 
is shown in the plant, it is advisable on important work to have 
two of them cross-connected. 


86. The hot-water tank is supplied at the bottom from the 
cold-water tank through the pipe provided with the check- 
valve k. The hot-water supply pipes /, which distribute hot 
water to the different parts of the building, are taken from the 
manifold m, a gate valve and drip valve being attached to 
each line, as shown. The drip valves empty into a waste 
pipe , which in turn discharges to the sump. The return 
pipes o from the different parts of the building drop down 
at the back of the hot-water tank and connect with the mani- 
fold o’ located between the tanks. Each one of these lines 1s 
furnished with a gate valve and a drip valve, the latter being 
connected to the waste pipe to drip the lines when repairs are 
to be made. 

The cold-water pipes p which supply different parts of the 
building are taken off the header p’ at the back of the cold- 
water tank. In some places the conditions are such that this 
arrangement cannot be used, and frequently all the pipes and 
valves are bunched together symmetrically on what is known 
as a pressure board, and every valve is labeled and tagged. 

[LT 382—20 
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The arrangement shown will, however, give satisfaction, and is 
very easily understood and controlled by the engineer in charge. 
The pipe g from the house tank on the roof is connected as 
shown in the diagram, Fig. 35 (b), and has a check g’ opening 
from the tank back to the building. Thus the tank on the roof 
will always be full of water and will act as a reserve to supply 
the building should the basement supply fail. The check- 
valve q’’ in the diagram prevents the water in the fire-lines 
from flowing into the roof tank; but in the event of a fire in 
which the fire-pump cannot hold up a pressure in the fire-lines 
greater than that corresponding to the height of the roof tank, 
the check q’’ will open and supply the fire-hose from the roof 
tank. 


87. <A pop safety valve r is located on the header of the 
hot-water tank and is set so that any excessive pressure—such, 
for instance, as may occur through the expansion of the water 
in the tank while being heated—will be released; the surplus 
water will flow to waste through the pipe . The check-valve k 
prevents the heated water from expanding back into the 
supply main. 


88. The air compressor 7 pumps not only into the cold- 
water tank, but also into a storage tank 7”, from which air 
under pressure may be drawn for various purposes, such as 
blowing dust from machinery, etc. The regulator 7’, on a 
lowering of the air pressure, opens the steam supply to the air 
compressor, thus starting it. When the pressure has run up 
to the point for which the regulator has been set, the regulator 
automatically shuts off the compressor steam supply. As long 
as the compressor is delivering air into the cold-water tank, 
the valve v in the discharge pipe is kept wide open. When 
compressed air is required only for cleaning purposes, etc., the 
valve v is closed; the compressor then delivers into the storage 
tank 7’’, from which the compressed air is conveyed to the point 
of delivery through piping and flexible hose. A separate valve 
is placed close to the cold-water tank in the air-delivery pipe, 
to permit this pipe to be taken down for repairs, or the valve v 
to be repaired without letting the air out of the cold-water tank. 
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89. The pipe r’ provided with a funnel on top is intended 
to receive the waste from the filters, discharging it into the 
sump. The emptying pipes from the filters connect into this 
waste pipe. The valve s is used to empty the suction tank into 
the sump. The valve ¢ is used to drain the hot-water tank, 
and a similar valve, not shown, is used to drain the cold-water 
tank. Drips from the pump, etc. may also go into the sump. 


ICE-WATER SUPPLY 


METHODS OF COOLING WATER 


90. In public and semipublic buildings, one or more drink- 
ing fountains are usually installed and supplied with filtered 
and cooled water. When there is only one fountain in a build- 
ing, the problem of cooling the drinking water is usually solved 
by building a small ice chest at the back of the fountain and 
placing in the box a pipe coil made of block tin, through which 
the water circulates and cools before reaching the faucet. An 
arrangement of this character is shown in Fig. 36. The box a 
is lined with sheet lead or sheet copper, and the coil b is placed 
firmly on the bottom of the tank so that it cannot easily be 
damaged by the weight of ice. From 10 to 12 feet of }-inch 
pipe coil is usually sufficient for a fountain of this kind. 


91. When several drinking fountains are installed in a 
building, it is both cheaper and better to provide one large ice 
box and cooling coil at some convenient point and pipe the 
cold water through a system of pipes from the tank to the several 
fountains. A box and coil for this purpose are shown in Fig. 37. 
A coil of pipe a is placed on the bottom of a riveted-steel water- 
tight ice box or tank b and is connected to the drinking-water 
supply in such a manner that all water drawn at the drinking 
fountains must first pass through the coil. The water in the 
coil of pipe is cooled by placing ice in the tank; the ice melts 
and surrounds the coils with ice water, thus lowering the temper- 
ature to the desired degree. The tank is provided with an 
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emptying pipe c. This pipe should have a gate valve as shown 
at f of the same size as the pipe, so that it can be closed to 
retain the necessary amount of water in the tank or opened to 
let the water out so as to allow for cleaning the bottom of the 
tank of any sediment that might accumulate; the tank should 
also have an overflow pipe d that enters the side of the box ata 
level high enough to 
retain a_ sufficient 
depth of water in the 
box to submerge the 
coils and float the ice. 
The overflow pipe 
should extend to near 
the bottomof the tank 
to draw off water from 
that point, as it is 
usually a little warmer 
at the bottom than 
near the top. A rack e 
of wood protects the 
coil from injury from 
the ice. 


92. The best ma- 
terial for ice tanks is 
boiler plate, although 
wooden boxes lined 
with copper or sheet 
lead are sometimes 


y E- 
used. Iron or steel 
tanks are better able 


to withstand the hard 


usage incident to depositing the ice in them, and are less 
affected by the damp than are wooden tanks. 
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93. The size of an ice box depends on the number of drink- 
ing fountains for which it must cool water and the temperature 
to which the water must be lowered. Space enough should be 
allowed in an ice box to hold at least 50 pounds of ice for each 
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drinking fountain. Greater economy, however, is obtained in 
the operation of the plant by making the ice box large enough to 
hold a daily supply of ice amounting to from 100 to 150 pounds 
foreach fountain. In this manner the temperature of the entire 
enclosure will be lowered and the ice melted more slowly. 


94. The ice box should be thoroughly insulated from the 
atmosphere by at least 6 inches of asbestos fiber, charcoal, 
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or other equally good non-conductor of heat, well packed into 
an annular space provided at all sides and below the bottom 
of the tank. 

Circulating coils for ice boxes should be made of block-tin 
or tinned copper pipe, coiled or bent to the desired shape. As 
water might stand for some time in the coil, lead or iron pipe 
should not be used for this purpose; tin-lined iron, lead, or 
brass pipe is less objectionable than unlined pipe. 

To properly cool enough water for all the fountains, allow- 
ance should be made in the coil for at least 10 feet of 32-inch 
pipe for each fixture supplied. The coldest water is obtained 
when the ice is allowed to rest on the pipe coil, but it is fre- 
quently considered too cold to be wholesome. 
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METHODS OF DISTRIBUTION 


95. The two systems of distribution for supplying ice 
water to drinking fountains are the direct system and the 
gravity circulating system. 

In the direct system, the ice chest is located in the base- 
ment, cellar, or other convenient part of the building; a supply 
main is taken from the cooling coil, and branches are extended 
from the main to the various drinking fountains. As the water 
remains stationary in the distributing pipes when the faucets 
are closed, it becomes heated, and a considerable quantity must 
frequently be drawn before cold water is obtained. It is 
economy, therefore, to have all of the pipes protected with a 
good covering such as cork or wood, or felt lined with asphalt 
paper. 

With the gravity circulating system, the ice tank is 
located in the attic or on some floor above the highest drinking 
fountain, and a circulating pipe is returned from the lowest 
fixture to the cooling coil, so that water trom the coil will 
circulate to the lowest drinking fountain and back again to the 
ice box to be cooled. With this system of cold-water circu- 
lation the difference in temperature between the columns of 
water in the supply pipe and the circulation pipe is so small 
that circulation at its best will be but feeble. 


96. When circulation must be provided between an ice 
tank in the basement and a number of fountains on the upper 
floors, it can be obtained to a limited extent by the method 
described. The most reliable method, however, is to attach 
a small pump to the circulation pipe and thus give a forced, 
positive circulation. 


97. In very large buildings containing twelve or more 
drinking fountains, or in buildings where the temperature of 
the water must be reduced to 40° F. or less, a refrigerating 
machine is usually more economical than an ice box. It should 
have a producing capacity of from 2 to 4 tons of ice in 24 hours. - 


HOT-WATER SUPPLY 


WATER HEATING AND STORAGE 


WATER HEATING 


CIRCULATION OF WATER 


1. General Principles.—When a body of water is 
increased in temperature, it expands and consequently occupies 
more space; when decreased in temperature, it contracts and 
occupies less space. The smaller the space'a given weight of 
water occupies, the greater is the density of the water; and the 
greater the space the same weight of water occupies, the less 
dense will be the water. Suppose that the temperature of a 
given volume of water at the bottom of a large body of water 
in a vessel is raised and hence its density is decreased. Since 
the attraction of the earth, that is, the force of gravity, is less 
on a given volume of the warmed water than on the same 
volume of cold water, the cold water sinks to the bottom and 
displaces the warm water, which rises to the top. If a small 
volume of water near the bottom be heated continuously, the 
warmed water will rise in a stream and cold water will flow in 
continuously to take its place, become heated, and rise, in turn. 
This flow of water is called circulation, and since it is due to 
the action of the force of gravity, it is spoken of as gravity circula- 
tion; a circulation of water due to this cause is also called 
natural circulation, to distinguish it from a circulation induced by 
mechanical means, as a pump, aud known as forced circulation. 
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2. Suppose that a vessel is partly filled with water and 
that heat is applied to the center of its base by a flame, as 
shown in Fig. 1. Heat from the flame is absorbed by the 
bottom of the vessel and conducted to its inner surface, from 
which it is transmitted to the nearest portion of water. This 
portion, being increased in temperature, becomes less dense, 
and consequently rises toward the surface. The water that takes 
its place, in turn, becomes heated and also rises. The water at 
the top is cooled by coming in contact with the atmosphere. 
The particles of water touching the sides of the vessel become 
cooled by the transmission of heat 
from them through the metal to 
the outer atmosphere. Hence, the 
particles of water touching the sides 
will descend more rapidly than those 
some distance from it, and the 
circulation within the water will, in 
general, be about as shown by the 
arrows for the case illustrated. Cir- 
culation within an undivided volume 
of water, as in the vessel of Fig. 1, is 
called local circulation. 

The transmission of heat through 
a liquid, by a motion of its particles, 
is called convection. 


3. Fig. 2 shows a U tube con- 
nected near the top by a cross-pipe, 
to which a water-tight valve a is 
attached. If this valve is closed and cold water is poured into 
the loop until the surface in the tube b is at the dotted line c, 
the surface of the water in the tube d will also be at the dotted 
level line c; that is, the level of the water in both tubes will be 
the same, because the temperature of the water is the same in 
both tubes. If the valve ais opened, the water will not flow 
from one tube into the other, because no hydrostatic head will 
be present to produce a current. Suppose that the valve a is 
closed and heat is applied to the base of d by a flame, as shown; 


ican 


§ 52 HOT-WATER SUPPLY 3 


the water in d will become heated, and will occupy a greater 
space. Hence, the surface of the water in the tube d will rise 
from its original level c to a new level, ase. It will be noticed 
that while the columns of water in b andd are equal in weight, 
they are unequal in height, the warmer column being the 
higher one. If the valve a is now opened, the pressure due 
to the head of water between the levels 
c and e will cause the water in the top 
of d to flow through the horizontal tube 
into b. The head of water between the 
levels c and e is known as the circula- 
tion head. While the pressure due to 
the circulation head 6 is very low, it is 
sufficient to overcome the friction of the 
water against the inner surface of the 
tubes and to cause a free flow.of water 
into b. Weight is thus transferred from 
d to 0, d becoming a little lighter and b 
a little heavier. The two columns of 
water no longer balance; hence, b sinks 
and d rises. The cool water from 0} 
passes into the base of d and absorbs 
the heat. The water is thus expanded, 
its weight is diminished, and it is 
crowded upwards by the cooler and 
heavier water coming in beneath it; that 
is, a circulation is established. The 
rapidity with which the water will circulate within the tube 
will depend on the difference in temperature, that is, the differ- 
ence in weight of the two columns d and b and the various 
resistances 
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4. A single tube a, Fig. 3, having a partition b will operate 
the same as the two tubes of Fig. 2 when heat is applied at 
cne side. But, if the partition is removed, the upward and 
downward currents will mingle and interfere, thus retarding 
the circulation. The circulation in a tube without a partition 
will be very slow and uncertain if the tube is small in diameter. 
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If the divided tube is laid in a horizontal position, the cir- 
culation will still take place, but at a much slower rate. If 
no partition is present, the circulation will be very slow and 
imperfect. 


5. The circulation of water in a pipe system used for cooling 
purposes depends on a change in the density of the water by 
cooling instead of by heating. The ice or refrigerating liquid 
should be applied near the top of the descending column; the 
material that is to be cooled should be allowed to touch only 
the ascending column, and, if possible, be placed 
at its base. In this way the greatest possible 
difference in density of the ascending and 
descending columns will be obtained. 


6. Water must be heated from below and 
cooled from above. It conducts heat so poorly 
that the heating or cooling depends very largely 
on circulation. A liquid, like mercury, that 
conducts heat readily, can be heated from 
any direction. 


7. Circulation Between Separate Ves- 
sels.—When it is necessary to warm water by 
a source of heat some distance from the vessel 
or storage tank the usual practice is to heat it 
in a separate heater in direct contact with the 
source of heat and discharge it into the storage 
tank. So-called circulation pipes convey the 
water from one vessel to another. The sim- 
plest arrangement of the apparatus is shown in 

FiG.3 Fig. 4. The heater a is located directly over 
the source of heat, a gas flame in this instance, so that it will 
be subjected to the direct heat of the fire, and is connected by 
pipes 6 and c to the vessel. The water will then receive heat 
from the flame, be thus made less dense, ascend in the flow 
pipe c, and enter the vessel. Cold water enters a through 
the return pipe b to replace that leaving it through c. A con- 
tinuous circulation is thus maintained between the vessel and 
tne heater a, the currents flowing in the direction of the arrows. 
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This simple apparatus illustrates the manner in which water 
for washing and other purposes is heated in modern residences, 
the heater a being usually placed in the kitchen range and 
adjacent to the fire; the vessel at the left in Fig. 4, which 
forms a reservoir for the storage of hot water, is located near 
the kitchen range and is then called a kitchen boiler, and also 
a range boiler. 


8. The velocity of the circulation, and hence the time 
required to heat the water in the boiler, depends on the difference 
in the mean density of the flow and return columns, their ver- 
tical heights, and the resistance to the flow by friction, obstruc- 
tions, etc. The greater the difference in density between the 
columns, or the greater their vertical heights, the greater will 
be the velocity of circulation; and the less the difference in 
density of the columns, or the less their vertical heights, the 
lower will be the velocity of the 
circulating currents. To reduce 
friction, sharp bends, contractions, 
and enlargements of the circulating 
pipes should be avoided; their 
presence will greatly retard the 
velocity of the circulation. 


9. Fig. 5 illustrates an actual 
installation of hot-water heating 
apparatus, in which the circulation 
takes place as explained in conjunction with Fig. 4. The boiler, 
shown in section, receives hot water from the heater a, commonly 
called a water front, and stores the hot water until it is drawn 
off at the faucets. This method of connecting a kitchen boiler 
to the kitchen range, and to the plumbing system, is the one 
most commonly employed in the United States. The boiier 
is fed with cold water from the street main by the pipe b. The 
boiler being filled with water, the fire is started in the range, 
and the water in a, which is in direct contact with the fire, is 
thus heated; but, as it is heated it rises in the pipe c, the same 
as it would in pipe c, Fig. 4, if heat were applied to a. The 

zated water from a, Fig. 5, enters the side of the boiler at d, and 
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immediately rises toward the top, where it remains until it 
is drawn off at a faucet through the pipe e or is displaced by 
warmer water.. The coldest water is always at the bottom 
of the boiler and the hottest at the top. For this reason, the 
pipe e, through which the hot water is drawn, is always con- 


nected to the top of the boiler, and the pipe f, which supplies 
the water heater a, to the bottom. Cold water is fed to the 
boiler through a brass or copper tube g reaching down inside 
the boiler to about 6 inches above the bottom of the boiler. 
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The reason for this is that, should there be a partial vacuum 
formed within 6, such, for example, as may be caused by fire- 
engines pumping water from the city mains, there will never 
be danger of siphoning the water in the boiler to a point below 
the water heater. As an additional precaution, a small vent 
hole h is usually drilled at the top of the tube to admit air 
to 6b; this, normally, will prevent the boiler being siphoned 
below the level of the vent hole. Should the vent hole become 
stopped up by any means, the fact that the inner tube g ends 
above the level of the water front will insure the retention of the 
water in the water front should any siphonic action take place. 


10. Boiling Point of Water.—The point at which water 
boils varies with the pressure, but the temperature at which 
the formation of steam begins does not increase in the same 
ratio as the pressure. Thus, water boils under atmospheric 
pressure at sea level at 212°; under 10 pounds gauge pressure 
it boils at 238°, which is an increase of 26° temperature for 10 
pounds increase of pressure. From 50 to 60 pounds pressure the 
temperature rises from 297° to 307°, or about 1° for each pound 
of pressure. From 100 to 110 pounds pressure the temperature 
rises from 337° to 344°, or about 7° for each 10 pounds of pressure. 

Table I shows the boiling point of water, that is, the temper- 
ature of steam, under different absolute pressures, above and 
below atmospheric pressure; also, the volume of steam at a 
given pressure compared with the volume it will occupy when 
condensed, that is, changed to water, and cooled to the point 
of maximum density, 39.2° F. 

Water cannot be heated to a higher temperature, under a 
given pressure, than that named in the table. _ If the temper- 
ature is increased the pressure will be increased; conversely, a 
lowering of the pressure involves a decrease of the temperature. 
The temperatures of the water and of the steam that is in direct 
contact with it are always equal. The water, however, may 
vary several degrees in temperature in various parts of the 
boiler, owing to the loss of heat by radiation or cooling. 


11. Expansion of Water.—The change in volume, that 
is, the amount of expansion or contraction, of a given quantity 


TABLE I 


BOILING POINTS OF WATER 
gs a es: g Bs 
ac = § Be> 34 $ 8 E> 
20 a Oe e & 2 o 4 Pu 2EF 
En a ee 2 eT eee 
< § eg | seBee | <8 eg | Ssece 
g 3 a 2 S32 32 a) 2 S24 
aS 2 8 ae z Se 
—— 
I 102.018 20,623 46 275-704 563.0 
2 126.302 10,730 48 278.348 540.9 
3 141.654 7,325 50 280.904 520.5 
4 153.122 5,588 52 283.381 501.7 
5 162.370 4,530 54 285.781 484.2 
6 170.173 3,816 56 288.111 467.9 
7 176.945 3,302 58 290.374 452-7 
8 182.952 2,912 60 292.575 438.5 
9 188.357 2,607 62 294.717 425.2 
10 193.284 2,361 64 296,805 412.6 
II 197.814 2,159 66 298.842 400.8 
12 202.012 1,990 68 300.831 389.8 
13 205-929 1,845 79 302.774 379-3 
14 209.604 ye 72 304.669 369.4 
14.69 212.000 1,646 74 306.526 360.0 
15 213.067 1,614 76 308.344 351.1 
16 216.347 1,519 78 310.123 342.6 
17 219.452 1,434 80 311.866 334.5 
18 222.424 1,359 82 313.576 326.8 
19 225.255 1,292 84 315.250 319.5 
20 227.964 Teor 86 316.893 312:5 
22 233.069 1,126 88 318.510 305.8 
24 237.803 1,038 go 320.094 299.4 
26 242.225 962.3 92 321.653 293.2 
28 246.376 897.6 94 323.183 287.3 
30 250:293 841.3 96 324.688 281.7 
32 254.002 791.8 98 326.169 276.3 
34. 257.523 748.0 100 327.625 27 Tak 
36 260.883 708.8 105 331.169 258.9 
38 264.093 673.7 110 334.582 247.8 
40 267.168 642.0 115 337-874 227-0 
42 270.122 613.3 120 341.058 228.3 
44 272.965 587.0 
_—— 
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of water due to heating it from one temperature to another can 
be found by the aid of Table II, which gives the volume of a 
given weight of water compared with the volume of the same 
weight at 32° F., taking the latter volume as 1. The change 


TABLE II 
EXPANSION OF WATER 
Tem- | Compara- Compare Weight || Tem- | Compara-|Compara-| Weight 
pera- tive tive of pera- tive tive of — 
ture Volume Density I Cubic ture Volume Density I Cubic 
Degrees | Water at | Water at Foot Degrees | Water at | Water at Foot 
Fahr. BaP aey, 32°=5 Pounds Fahr. 32°=1 32° =5 Pounds 


Z2 1.00000 | 1.00000 | 62.418 135 1.01539 | .98484 | 61.472 
35 -99993 | 1.00007 | 62.422 140 1.01690 | .98339 | 61.381 
39-1 | -99989 | I.0OOII | 62.425 145 | 1.01839 | .98194 | 61.291 
40 -99989 | I.coOII | 62.425 150 | 1.01989 | .98050 | 61.201 
45 -99993 | 1.00007 | 62.422 155 1.02164 | .g7882 | 61.096 
46 1.00000 | 1.00000 | 62.418 160 | 1.02340 | .97714 | 60.991 
50 I.00015 | .99985 | 62.409 165 1.02589 | .97477 | 60.843 
52.3 | 1.00029 | .99971 | 62.400 170 1.02690 | .97380 | 60.783 
55 1.00038 | .9996I | 62.394 175 1.02906 | .97193 | 60.665 
60 1.00074} .99926 | 62.372 180 1.03100 | .97006 | 60.548 
62 I.OOIOI | .99899 | 62.355 185 1.03300 | .96828 | 60.430 
65 I.001I9 | .99881 | 62.344 190 | 1.03500 | .96632 | 60.314 

70 1.00160 | .99832 | 62.313 195 1.03700 | .96440 | 60.198 

75 1.00239 | .99771 | 62.275 200 | 1.03889 | .96256 | 60.081 

80 1.00299 | .99702 | 62.240 205 1.04140 | .g6020 | 59.930 

85 1.00379 | .99622 | 62.182 210 | 1.04340 | .95840 | 59.820 

90 1.00459 | 99543 | 62.133 212 | 1.04440 | .95750 | 59.760 

95 1.00554 | -99449 | 62.074 230 | 1.05290 | .94990 | 59.360 
100 1.00639 | .99365 | 62.022 250 | 1.06280} .g4110 | 58.750 
105 1.00739 | .99260 | 61.960 270 | 1.07270 | .93230 | 58.180 
110 1.00889 | .99119 | 61.868 290 | 1.08380 | .92270 | 57.590 
115 1.00989 | .9902I | 61.807 298 | 1.08990] .91750 | 57.270 
120 1.01139 | .98874 | 61.715 338 I.11180 | .89940 | 56.140 
125 1.01239 | .98808 | 61.654 366 | 1.13010 | .88500 | 55.290 
130 1.01390 | .98630 | 61.563 390 | 1.14440] .87380 | 54.540 


Li 


in length or height of a given body of water, due to heating 
or cooling, can be readily found from the change of volume. 
In practice, the heated water is usually confined in round 
vessels of uniform cross-section, as pipes, for instance. Then, 
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with such vessels, the change in length or height is found, in 
inches, by dividing the change of volume, in cubic inches, by 
the cross-sectional area of the confining vessel, in square inches. 


Rule I.—To find the new volume of a quantity of water at 
a given temperature, multiply the original volume by the com- 
parative volume, taken from Table II, at the new temperature. 
Divide the product by the comparative volume, taken from Table II, 
at the original temperature. 


Rule I1.—To find the change in volume of a given quantity of 
water, due to a change of temperature, take the difference between 
the new volume found by rule I and the original volume. 


EXAMPLE 1.—A vertical cylindrical vessel contains 40 United States 
standard gallons of water heated from 62° F. to 200° F. What is the 
new volume of the water, in cubic inches? 


SoLuTIoN.—The original volume is 40 X 231 =9,240 cu. in. By Table II, 
the comparative volume at 62°=1.00101, and at 200°=1.03889. By 
rule I, 

9,240 < 1.03889 


new volume =- eo) SOOO! Clee femme rise 
1.00101 


EXAMPLE 2.—What is the change in volume of the water mentioned 
in example 1, under the conditions there stated? 


SOLUTION.— 9,589.66 —9,240 =349.66 cu. in. Ans. 


EXAMPLE 3.—If the vessel mentioned in example 1 is 18 inches in 
diameter, how much will the water rise therein under the conditions stated 
in that example? 


SoLuTron.—The cross-sectional area of the vessel is 18?X.7854 
= 254.47 sq. in. The change in volume of the water being 349.66 cu. in., 


x 


the increase in height is 054.477 L3fin. Ans: 


FIRE-HEATED WATER HEATERS 


12. Water Fronts.—A so-called water front is generally 
used for heating water for domestic purposes, and is located 
inside the kitchen range, forming one side of the firebox. The 
water front is an iron casting having two passages cored therein, 
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and has at one end two tapped holes, one for each passage, for 
either {- or l-inch pipe, according to size. While this form of 
water heater is most generally called a water front, in many 
places its name changes with its position in the firebox of the 
range. For example, when the water heater is located at the 
side or back of the range, it is often called a waterback. 

A water front is shown in section in Fig. 6. The casting a 
is the heater. Its flat sides are tied together by a partition b, 
which compels the water to circulate through the entire length 
of the casting. The pipe c supplies the heater with cold water, 
usually taken from the bottom of the kitchen boiler, and is 
called the return pipe to the water front. The pipe d receives 
hot water from the heater and delivers it to the boiler, where it 
is stored ready for use. 


13. A water front, on account of having water inside and 
the outside being exposed to fire, is subjected to severe internal 
strains, and hence, for 
safety, the metal must be 
much thicker than is 
required to merely resist 
the water pressure. 
Water-fronts are usually 
designed to resist a pres- 
sure, when cold, of 700 pounds per square inch; but in constant 
use they are sometimes overheated and weakened, or are eaten 
away by internal corrosion, and if an extraordinary pressure is 
then brought to bear within them they will explode with 
disastrous effect. To prevent this occurrence, they should be 
inspected periodically and replaced if their condition arouses 
doubt of their safety. 

The size of a water front is measured by its heating surface, 
in square inches, reckoning only the side exposed to the fire. 
On an average, about 100 square inches of external heating sur- 
face in direct contact with the fire is sufficient for a 40-gallon 
boiler when water is supplied under pressure from the street 
main, or a 50-gallon boiler when water is pumped by hand to a 
tank at the top of the house. 

19 39221 
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The quantity of water heated, the time required to heat it, 
and the quantity of water consumed vary in every case; hence, 
the size of a water front that should be placed in a range depends 
on the plumber’s judgment. A large boiler requires a large 
water front, and-a small boiler a small one. A large boiler 
combined with a small water front results in a scarcity of hot 
water, although the combination may give plenty of luke- 
warm water. A large water front combined with a small boiler 
results in boiling hot water, and rumbling, snapping, and 
cracking noises that are caused by the formation of steam. 


14. Incrustation in Water Fronts.—In localities where 
the water supply is hard, a deposit of lime forms on the interior 
walls of a water front, as shown in Fig. 7, and accumulates until 
the passageway for water is completely choked. The period 
of time in which a water front will become completely obstructed 
with lime depends on the degree of hardness of the water and 
the quantity of 
water heated. In 
some localities, a 
water front will 
become choked in 
from 4 to 6 weeks 
if no means are 
employed to prevent 
the incrustation. 
When a water front 
becomes completely 

ete stopped with lime 

so that water can- 

not circulate through it, the water front must be removed 

from the range and cleaned. Otherwise, steam will be generated 

in the water front and force its way back to the boiler, where 

the steam bubbles, on encountering cold water, will collapse 

with a rattling, snapping sound that is somewhat alarming. 

If this condition is allowed to exist for any length of time the 

metal of the water front will become overheated and conse- 
quently its tensile strength greatly weakened. 
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To clean a water front, the draw-off cock at the bottom of 
the boiler a should first be opened. If the water drains off 
freely, the supply to the boiler should be shut off and the 
boiler emptied, air being admitted through a hot-water 
faucet at one of the fixtures, or by disconnecting the hot- 
water coupling on top of boiler. When the boiler is empty, 
the connections to the water front b should be unscrewed 
and the water front removed from the range. If ground- 
joint brass couplings are used at the boiler and the water 
front, they can be disconnected without injury to the piping 
and boiler spuds. Holes in the water front allow tools to 
be inserted to remove the incrustations. The actual work 
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of cleaning is done by pounding the water front with a hammer 
to loosen the scales and breaking up the incrustation with a 
slender chisel. The water front should occasionally be turned 
so that the openings point downwards, and dropped on a 
plank to jar out the loosened lime. 

In some cases, the lime incrustation is so baked to the sides 
of the water front that it must be cut out with acid. Hydro- 
chloric acid, commonly called muriatic acid, is generally used 
for this purpose. It is poured into the water front and allowed 
to cut and weaken the incrustation so that it can be removed 
in the manner already described. A water front that has been 
cleaned with acid should be thoroughly cleansed with water 
before being replaced in the range. 
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15. The incrustation of water fronts by lime can be checked 
to a certain extent by chemically treating the water before it 
enters the water front. Fig. 8 shows a device for automatically 
feeding the chemical to the water. The chemical used in this 
apparatus, which depends on the character of the water, is 
prepared in the form of a salt, and furnished by the manufac- 
turer of the apparatus. The salt is placed in the chamber a 
through the handhole b, and is then thoroughly moistened; the 
two valves c and d are now opened and the apparatus is ready 
to feed automatically the chemical to the water circulating 
m- from the boiler to the 
™ water front. The pet- 
cock e is used to draw 
off sediment from the 
chamber. The appara- 
tus is placed on the cir- 
culating pipe from the 
boiler to the water front. 
Pe te 5 ee It should never be placed 
an aie on the flow pipe from the 

Fic. 9 water front to the boiler, 
as the lime would then deposit in the water front before the 
chemical was mixed with it. 
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16. Firebox Coils.—In place of a water front, a pipe coil, 
shown in Fig. 9, is occasionally used for heating water for 
domestic purposes. The coil is usually made of a copper tube, 
? inch internal diameter and about % inch thick, and is placed 
on the inner edge of the firebricks, as shown. A heating coil 
like the one illustrated is safer than a water front, because it 
contains only a small quantity of water, and hence an explosion 
will not be very violent; on the other hand, owing to its limited 
heating surface, it will heat only a small quantity of water. 
Furthermore, a heating coil will be choked by incrustation 
much faster than a water front. These considerations render 
the use of heating coils inadvisable except under conditions 
especially favorable to them, and hence they are seldom 
installed. 
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17. Special Water Heater.—Where large quantities of 
hot water are required for domestic purposes, as in hotels, 
clubs, and bath houses, sufficient heat cannot be obtained from 
the kitchen range, and hence special heaters, which can be 
obtained in the open market, are installed. One form of such 
a heater, heated by a coal fire, shown in Fig. 10, consists of a 
hollow annular casting or ring a, between the walls of which 
water is heated by the fire and hot gases. Water from a storage 
tank enters the water space of the heater near the bottom 
through the return circula- 
tion pipe b. It is heated by 
the fire, rises to the top of the 
heater, and passes through the 
flowpipe c to the storage tank, 
thus establishing a circulation. 

The connections to fire- 
heated water heaters are 
usually of 1}-inch pipe for a 
100-gallon boiler, 14-inch pipe 
for a 200-gallon boiler, and 
2-inch pipe for a 300-gallon 
boiler. 


18. The size of a water 
heater to do a given amount 
of heating may be approxi- 
mated by calculating the grate surface it should have, by the 
following rule. Before this rule can be applied, the probable 
combustion rate per square foot of grate surface must be 
estimated. Experience indicates that the combustion rate 
averages 3 pounds of coal per square foot of grate surface per 
hour in small heaters under usual conditions; in large heaters, 
.a combustion rate of 44 pounds of coal may safely be figured 
on. Where a large heater receives constant attendance, the 
figure given may be much exceeded; a wise course, however, is 
to figure on the usual combustion rate to provide for con- 
tingencies, such as poor coal, poor attendance, etc. The amount 
of heat transferred to the water per pound of coal must also 
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be estimated; in practice, this amount has been found to 
average about 8,000 B. T. U. per pound of coal burned. 


Rule.—To find the grate surface required for a water heater, 
in square feet, multiply the weight of water to be heated per hour, 
in pounds, by the required temperature rise, in degrees Fahrenhett. 
Divide this product by 8,000 times the estimated coal consumption 
per square foot of grate surface per hour. 


OF Ga Wt 
8,000 C 
where G=grate surface, in square feet; 
W =weight of water per hour, in pounds; 
t= difference between initial and final temperature of 
the water, in degrees Fahrenheit; 
C=combustion rate per square foot of grate surface 
per hour. 


* EXAMPLE.—What grate surface is required for a water heater that is 
to heat 1,000 United States gallons of water per hour from 50° to 180°, 
the combustion rate being estimated at 43 pounds per hour per square 
foot of grate surface? 


SOLUTION.—The weight of water is 1,000 8.38 =8,300 lb. Substituting 
values in the formula given, 
_ 8,800 X (180 —50) 


=30 sq. ft., nearly. Ans. 
8,000 x 43 


STEAM-HEATED WATER HEATERS 


. 19. Construction and Installation.—The hot-water 
supply for large buildings, hotels, etc. is sometimes heated by 
steam, the installation of the system being about as shown in 
Fig. 11. A horizontal boiler A is shown, but a vertical one can 
be used equally as well. The steam is taken in at the valve C, 
and after passing through the coil D of brass or copper pipe, 
passes off, in the form of water, through the pipe E to a steam. 
trap. The coil should be inclined so that the steam condensed 
within the tubes will flow by gravity toward the exit E. 
The cold-water supply pipe is shown at B, the hot-water 
supply pipe to the fixtures at F, and the return pipe from 
the fixtures at G. 
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The supply of steam for heating the coil may be shut off at 
times, or may be withdrawn during the summer. In that case, 
an auxiliary heater must be provided; this may be arranged 
as shown in Fig. 11. It consists mainly of a furnace chamber 
surrounded by a cast-iron water-jacket H. The cool water 
flows down the pipe J and, becoming warmed in the jacket H, 
flows upwards through the pipe J, and thus maintains a con- 
stant circulation. 

Steam coils in tanks for heating water generally use exhaust 
steam from engines; a live-steam connection is usually pro- 
vided, by which live steam can be turned on in case the engines 
are shut down. The amount of coil heating surface used in 
large tanksis about 1 : 
square foot for every 
15 gallons of capacity 
of the tank; or, what 
is equivalent, 1 linear 
foot of l-inch pipe for 
every 5 gallons in the 
tank. 


20. A method of 
installation utilizing 
steam from an ordi- 
nary house steam- 
heating system as an 
auxiliary means of 
heating the water in 
a kitchen boiler is shown in Fig. 12 (a), (b), (c), and (d). It is 
known as the Thomson water heater, and consists principally 
of an outer casing a into which is inserted a copper tube or 
coil. The lower end of the casting is connected by a 14-inch 
pipe c to the top of the steam main. An automatic air vent 
is located at d. The top of the heater is connected to the hot- 
water supply pipe over the boiler, as illustrated. 

In view (a) the heater is shown so connected as to heat the 
water in the boiler by steam only; in view (b), connected as 
an auxiliary heater to the range; in view (c), connected in 
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combination with a gas heater, and in view (d), connected with 
both a gas heater and a range. 

The steam attachment for heating the boiler is thus separate 
from, and independent of, any other heating attachments. It 
will operate automatically and without attention. When the 
steam boiler is fired, steam will rise in c and the pressure will 
force the air out of the heater through the vent d. As the 
steam fills this casing, it will rapidly impart its heat to the water 
in the copper pipe and the condensed steam will flow by gravity 
back to the boiler through c, being a one-pipe steam connection. 
The hot water in the heater, being less dense than that in the 
boiler, will rise and flow into the top of the boiler, while cold 
water will flow from the bottom of the boiler to take its place. 


21. Heating Surface of Steam-Coil Heaters.—The 
theoretical heating surface required in a steam coil to heat a 
certain quantity of water in a given time can be found by 
dividing the total number of B. T. U. required to heat the 
water by the number of B. T. U. given off in a given time, per 
square foot of heating surface, in the coil. It has been found 
in practice that 1 square foot of heating surface in a steam 
coil made of pipe about } inch thick will transmit in 1 hour 
300 B. T. U. if the pipe is of copper, and 200 B. T. U. if the 
pipe is of wrought iron, for each degree of temperature differ- 
ence between that of the steam and the surrounding water. 
From these considerations the following rule has been derived, 
in which an allowance of 25 per cent. has been made for 
contingencies: 

Rule.—To find the heating surface required to heat a given 
weight of water per hour by a steam coil, multiply 1.25 times 
the weight of water, in pounds per hour, by the required rise in 
temperature of the water, in degrees Fahrenheit. Divide the prod- 
uct by the difference between the temperature of the steam and the 
average temperature of the heated water multipled by 300 for 
copper pipe and by 200 for wrought-tron pipe. The quotient will 
be the required heating surface, in square feet. 

_1.25Wt 


Or, = (Tt) T—t,) 
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where S=heating surface of steam coil, in square feet; 
W =weight of water, in pounds per hour; 
t=temperature rise of water; 
f=300 for copper pipe, and 200 for wrought-iron pipe; 
T =temperature of the steam; 
tg= average temperature of the water. 


It should be noted that by the term average temperature of 
the water is meant one-half the sum of the temperatures at 
entering and leaving the heater. 


EXAMPLE.—How many square feet of heating surface will be required 
in a copper steam coil to heat 200 United States gallons of water per hour 
from 50° to 190° F., the steam having a temperature of 240° F.? 


SOLUTION.—Since a United States gallon of water weighs 8.3 Ib., the 
water to be heated per hour is 2008.3 =1,660 Ib. The temperature rise 
190+-50 

9 


=120° F. Substituting in the formula corresponding to the rule, 
po eT Y 


300 X (240 — 120) 


is 190—50=140° F. The average temperature of the water is 


=8 sq. ft., nearly. Ans. 


HOT-WATER STORAGE 


CONSTRUCTION OF HOT-WATER BOILERS 


22. The reservoir for the storage of water heated by some 
form of a water heater is usually called a boiler; for domestic 
use, boilers are made either of copper, thoroughly tinned on 
the inside, or of galvanized iron. They are commonly set in a 
vertical position, but when circumstances require it they can be 
set horizontally. The usual construction of a boiler is shown 
in Fig. 5. From this it will be seen that it consists of a cylin- 
drical shell closed by heads riveted thereto. Suitable bosses 
tapped with standard pipe threads are provided for the neces- 
sary pipe connections. The boiler shown is single; boilers are 
also made double, one within another, to suit places where the 
water is supplied from two sources at different pressures, and 
where one water heater must heat the water for both boilers. 
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Iron boilers are galvanized after they are riveted together. 
The interior of a boiler can be examined by pushing a lighted 
candle inside and looking through the pipe holes. 


23. Boilers that are constructed with a single line of rivets 
in the longitudinal seam are called single-riveted boilers, 
which are suitable for pressures lower than 40 pounds, by the 
gauge. When they have two lines of rivets in zigzag or alter- 
nate order, they are called double-riveted boilers, which are 
suitable for pressures greater than 40 pounds per square inch. 
A single row of rivets is sufficient to secure the head or the 
bottom. Boilers known as standard, which are generally 
single-riveted, are tested by the makers under a hydrostatic test 
of 150 to 200 pounds per square inch; extra heavy boilers, which 
are generally double-riveted, are tested to 250 and double 
extra heavy boilers are tested to 300 pounds by the gauge. 


24. The size of boiler to be placed in a residence cannot 
be found from theoretical considerations. Experience shows, 
however, that a 40-gallon boiler is usually sufficient for a house 
having one bathroom, one sink, and a set of wash tubs. If 
there are two bathrooms, a 50- or 60-gallon boiler should be 
used. The boiler should be a little too large rather than too 
small, particularly if the water pressure is low. 


25. Safety valves are not necessary when the boiler is 
connected directly to the street mains or draws its water supply 
from a house tank, because the expansion of the water in the 
boiler will then force the surplus water into the supply pipe. 
When there is a check-valve or a pressure-reducing valve in 
the cold-water supply pipe, however, a safety valve must be 
placed in the hot-water supply pipe or on the boiler; this valve 
should be so located that the surplus water discharged from it 
will flow into a sink or some other convenient place. 

A vacuum valve should be attached to a copper boiler if it 
is likely to be emptied and to have at times a partial vacuum 
formed inside, to prevent the pressure of the atmosphere 
crushing the thin shell. A boiler that is supplied with an 
expansion pipe needs neither a vacuum nor a safety valve. 
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26. The usual stock sizes and capacities of galvanized- 
iron range boilers are given in Table III. 


27. When the capacity of the hot-water reservoir exceeds, 
say, 200 gallons, it is called a hot-water tank. Large hot- 
water storage tanks are generally suspended from beams by 
iron bands. It is much safer, however, if they rest on cast- 
iron saddles placed on the floor or on brick piers. 


TABLE Ii 
CAPACITY OF RANGE BOILERS 
Capacity Length Diameter Nee its Length | Diameter 
Gs ilons Feet Inches Gallous Feet Inches 
18 B 122 48 6 14 
21 ei 12 52 5 16 
24 4 12 53 4 18 
24 3 14 63 6 16 
27, 43 12 66 5 18 
28 32 14 79 6 18 
30 5 12 82 5 20 
22 4 14 98 6 20 
35 5 13 100 5 22 
36 6 12 120 6 29 
36 4s 14 120 5 24 
40 5 14 144 6 24 
42 4 16 168 7 2 
47 43 © ech 192 8 24 


Storage tanks are most generally used in large apartment and 
tenement houses, and similar buildings; the capacity is usually 
based on the number of families to be supplied, and is as follows: 
For from ten to fifteen families, from 22 to 25 gallons for each 
family; for from fifteen to twenty families, 20 to 22 gallons; 
for from twenty to twenty-five families, 18 to 20 gallons; for 
from twenty-five to thirty families, 16 to 18 gallons. The 
capacities given have in practice been found to be ample if no 
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laundry work is done. Should laundry work be done, however, 
the capacity for each family should be made at least 50 per 
cent. larger, on account of the great demand for hot water on 
wash days. 


CONNECTIONS TO HOT-WATER BOILERS 


28. Usual Connections to Vertical Boilers.—A very 
common method of connecting up vertical range boilers is 
shown in Fig. 13. The cold- 
water pipe X should enter at 
the top of the boiler and end 
at the line a b, which should 
be about 3 inches above the 
level of the water front W. F. 
When the water is shut off 
from the house, the water is 
likely to be drawn out of the 
boiler by the opening of a 
faucet in the cellar, or even 
through the waste outlet of 
the stop-cock on the service 
pipe. The pipes X, Xi then 
act as a siphon, and draw out 
the water until its level falls 
to the end of the pipe 4. 
If X, extends to the line cd, 
the water front will be drained, 
which is dangerous. Unless 
the fire is drawn, the water 
front will become overheated, and it will be very liable to crack 
or explode when the cold water is turned on. All danger from 
siphoning can be avoided by drilling a small hole, about ¢ inch, 
in the inner tube X;, as at B. The hot-water pipe A is con- 
nected at the extreme top part of the boiler. The direction 
of the circulation is shown by the arrows. Connections are 
made to the water front W. Ff. by two pipes Y and Z. The 
pipe Y should be connected to the bottom of the boiler, and 
should be inclined upwards toward the water front. The 
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pipe Z receives the hot water from the water front, and should 
be inclined upwards toward the boiler. This pipe is usually 
connected to aside tapping located near the middleof the boiler, 
as shown, and should be at least 2 inch in nominal diameter 
for a 40-gallon, or 1 inch for a 60-gallon, boiler. A blow-off 
cock, to remove mud and sediment, should be provided, as 
at E. This may empty into a sink, or may be connected to 
the waste pipes on the house side of the trap seal. The sink 
method is best, as the water cannot waste away unobserved. 


29. If the boiler is connected to the water front in the 
manner just described, ec time elapses before the 
water in the boiler is 
heated sufficiently to 
allow hot water to be 
drawn from the faucets. 
To get hot water with- 
out delay after starting 
a fire in the kitchen 
range, the connections 
are frequently made as 
shown in Fig. 14. The 
hot-water pipe Z from 
the water front is con- 
nected directly to the 
hot-water distributing 
pipe A, a connection to 
> thetopof theboiler being 
made at the junction of 
A and Z. Then hot water from the water front may flow to 
the fixtures, or into the boiler when fixtures are not in use. 

To prevent its cooling, the water in the hot-water supply 
pipe should circulate constantly between the faucets at the 
fixtures and the boiler; hot water can then be obtained quickly 
at the faucets. To obtain the needed circulation, a return 
pipe B must be used. This pipe is joined by branches to the 
hot-water supply pipe near each fixture, and should be one or 
two sizes smaller than the supply pipe. The return pipe 
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should, if possible, enter the boiler at the side and a little 
above the top of the water front. If it is connected to the 
extension of the pipe Y, as shown in dotted lines, cold water 
from the bottom of the boiler is liable to flow up the return 
pipe on the opening of a faucet and mix with the hot water 
before it reaches the faucet, thus cooling the supply. 


30. Top-and-Side Connection to Vertical Boilers. 
Probably the best way to connect a range to an upright boiler 
is shown in Fig. 15. 
The flow pipe from 
the water front W. F. 
connects to the side 
of the boiler as well 
as to the top. The 
advantage of this con- 
nection is that the hot 
water from the water 
front will flow imme- 
diately to the top of 
the boiler when there 
is water in the main 
hot-water distributing 
pipe a. When the 
stop-and-waste cock 
in the cellar on the 
cold-water supply 
pipe b is closed, and 
the water drained out 
of a, the hot water 
from the water front 
will flow freely into 
the boiler through the Fic. 15 
side tapping; that is, circulation between the range and the 
boiler is not impeded by shutting off the water supply from the 
house. If the side connection is not made in addition to the top 
connection shown in Fig. 14, the water will boil in the water 
front and produce steam, accompanied by very disagreeable 
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sounds, whenever the cold-water supply is shut off from the 
boiler and the hot-water supply pipe A, Fig. 14, is drained 
below the T at which the flow pipe Z joins. 

The position in which the Tc, Fig. 15, is placed, permits a 
bent boiler coupling to be connected to the side tapping of the 
boiler; a circulation of water is thus insured through the top 
connection while the pipe a is full of water. 


31. Connections to Horizontal Boilers.—In places 
where no space is available for the installation of a boiler in a 
vertical position, it may be placed horizontally. The con- 
nections to the fixtures and water front may be made in many 
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ways, one of which is shown in Fig. 16. In the illustration, A 
represents the hot-water supply pipe; B, the return pipe; X, the 
cold-water supply; Y and Z, the connections to the water front 
C. The water front should be at a lower level than the bottom 
of the boiler. The arrows show the direction of the circulation. 
The boiler may be supported on brackets or may be suspended by 
bands from overhead floorbeams. Small horizontal boilers are 
usually suspended immediately over the kitchen range. The use 
of the return pipe B insures hot water at the fixtures as soon 
as a faucet is opened; if this feature is considered unnecessary, 
the return pipe and its fixture branches are omitted. 


32. Connections to Double Boilers.—When the water 
to be heated is supplied from two sources, double boilers are 
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employed; usually one of the boilers receives water from the 
street main, and the other is supplied from a tank. - The two 
boilers are combined in one structure, as shown in Fig. 17. 
The boiler B, which is fed from the tank and sustains the higher 
pressure, is placed inside the low-pressure boiler A. The inner 
boiler is heated by the 
water in the outer one; 
both are thus heated by 
one water front or heater. 

If the inner boiler 
should be emptied while 
the outer one is full, it 
might collapse in con- 
sequence of the external 
pressure; therefore, care 
must be taken to empty 
the outer boiler first at 
all times, or, still better, 
to arrange the blow-offs 
so that both boilers will 
be emptied at the same 
time. The inner boiler 
should always be filled 
first. The connections to 
to each boiler are made 
in the same manner as 
for an ordinary vertical 
boiler, the flow pipe C 
entering the side and the 
seturn pipe D the bottom 
of the outer boiler. The hot-water supply pipe EF of the 
street-pressure system supplies the lower stories of the building; 
the upper stories have a tank-pressure system and are 
furnished with hot water through the pipe F. The cold- 
water supply pipe H is connected to the street main, and the 
cold-water supply pipe G to the house tank. A blow-off, or 
sediment, cock L is used for emptying the inner boiler, and a 
similar cock M for the outer boiler. A noticeable feature is 
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that, with the cocks placed as shown, the inner boiler cannot 
be emptied without opening both L and M, and thus emptying 
both boilers-at the same time; this arrangement prevents the 
possibility of an excess of pressure in the outer boiler at the 
time of emptying; which excess would tend to collapse the inner 
one. The inner boiler should be of copper, and should be 
thoroughly tinned both inside and outside. 


33. The conditions under which double boilers may be 
installed are present in buildings situated where the pressure 
in the street mains is insufficient to force water to the upper 
floors, and the hot water supplied to the whole building is 
heated by the kitchen range. In that case, the lower floors 
are supplied with water by street pressure, and the upper floors 
from a tank at the top of the building, to which the water is 
pumped. If a double boiler is installed, only the water 
needed for the hot and cold water for the upper floors requires 
to be pumped; should a single boiler be installed, however, the 
cold water for the upper floors and all the water to be heated 
would have to be pumped. Hence, by installing a double 
boiler the amount of water to be pumped, and therefore the 
power required for pumping, is greatly reduced. 


34. Connections to Gas Heater, Kitchen Range, and 
Furnace.—A kitchen boiler is sometimes connected to the 
water front of a kitchen range, to a gas water heater, and to a 
coil or water ring in a house-heating furnace in the cellar. Then, 
in summer, when the kitchen range is not in use, the water can 
be heated by the gas heater; at other times, the kitchen range 
can be used for heating the water; and in winter, the coal 
furnace will also heat water. This combination should be so 
installed that either two or all three of the heaters can be used 
on occasions when there is an extraordinary demand for hot 
water. The usual connections for a heater combination such 
as is described are shown in Fig. 18, in which a is the cold- 
water supply pipe to the house; b, the cold-water supply pipe 
to the boiler; c, the hot-water supply pipe for the house; d, the 
return pipe, insuring hot water to appear promptly at the 
fixtures when a faucet is opened. The heater in the furnace is 
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connected by the flow pipe e to the side of the boiler; the flow 
pipes f and g from the gas heater and kitchen range connect 
to c at the top of the boiler, as shown. The cold water flows 
to the three heaters through the pipes h, 7, and 7, joined to the 
pipe k connected to the bottom of the boiler. With the piping 
installed in the man- 
ner shown, any one 
of the three heaters 
can be used indepen- 
dently of the others, 
any two heaters may 
be in service at the 
same time, or all three 
heaters may be em- 
ployed in heating 
water. The sediment 
cock / is placed at the 
lowest point of the 
pipe system, where it 


will drain the boiler, | A. ; ' ' i : | 
the heaters, and the - A 

pipe connections to 

the boiler. 


35. Connections 
to Laundry Stove 
and Kitchen Range. “J cae ee 
When a set of laun- J 
dry tubs is supplied 
with hot water from ii aa 
the kitchen boiler, @@° 3 = === reer 
very often the water 
front of the kitchen range cannot heat the water quickly enough 
to supply the increased demand on wash days, while the building 
may be well supplied with hot water on ordinary occasions. 
The heating surface of the water front if increased so as to heat 
the water quickly enough to supply the demand when the 
laundry tubs are in use, is generally too large for the ordinary 
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daily usage. To overcome this trouble, many buildings are 
furnished with a separate water heater, and often with a sepa- 
rate boiler, to supply the laundry with hot water. These 
auxiliary attachments may be connected with the usual hot- 
water heating and distributing portion of the plumbing system; 
but if they are intended to be operated independently of the 
kitchen boiler, they may be fitted up and connected directly to 
the laundry distributing pipes, which then have no connection 
with the boiler in the 
kitchen. 

In Fig. 19 is shown a 
simple method of con- 
necting a laundry stove 
and kitchen range to 
one boiler. One water 
front is located in the 
kitchen range a, and 
another, or a pipe coil, 
in the laundry stove b. 
The water front, or coil, 
in b, is intended only to 
assist that in a during 
times of exceptional 
demand for hot water. 
The water front in a is 
connected to the side 
and bottom of the boiler 
in the usual manner, as 
shown. The flow pipe d of the laundry-stove water heater 
connects at the the top of the boiler to the hot-water supply pipe. 
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36. Since the rapidity of circulation between the range 
and the boiler depends chiefly on the vertical height of the 
flow pipe, a more proper arrangement may connect d, Fig. 19, 
to the side tapping of the boiler and connect the flow pipe 
between a and c to the top of the boiler, so as to increase the 
circulation between the kitchen range and the boiler without 
injuring the circulation between b and c. Such a method of 
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connection would furnish more hot water in a given time, and 
in this respect it would be better than the method shown in the 
drawing. It has the peculiar disadvantage, however, which is 
more pronounced than any advantage gained, that if the water 
is shut off at the stop-and-waste cock e, water may be siphoned 
from the boiler until the boiler water-line reaches the small 
vent hole in the boiler tube. Circulation between the range 
and boiler will then be cut off, because the water in the flow 
pipe that joins the hot-water distributing pipe at the top of the 
boiler in the assumed method of connection will not be able to 
rise high enough to 
enter the boiler. 
Steam will then be 
generated in the water 
front and disagreeable 
hammering and snap- 
ping noises will be 
created. 
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37. When con- 
necting two or more 
water fronts to one 
boiler, ground joint 
couplings should be 
used to allow of quick 
disconnections. Stop- 
cocks or stop-valves 
should not be placed in the circulation pipes to allow each 
water front to be cut out of service for repairs without affecting 
the other. While this object is accomplished thereby, there is 
danger of a water-front explosion if the stop-cocks of one cir- 
cuit are closed by accident or through ignorance while the corre- 
sponding water front is subjected to heat and contains water. 
Stop-cocks must not be placed between ranges and boilers. 
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38. Connection of Two Boilers to One Water Front. 
Fig. 20 shows how two or more boilers may be connected to 
one water front when a separate hot-water distributing line 
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is taken from the top of each boiler. The water front tapping 
should be 1 inch. The flow branch to the nearest boiler is 
made by a 132” reducing T, so that the 1-inch current 
will be split and thus caused to flow into both boilers. The 
return pipe is increased at the nearest boiler with a similar 
fitting. The flow pipe from the top tapping of the water front 
must pitch upwards toward both boilers, since otherwise the 
water will not circulate. To equalize their temperatures, the 
two boilers may be connected by equalizing pipes, one connect- 
ing the tops and the other the bottoms of the boilers. A single 
boiler of the required storage capacity is usually preferable to 
two small ones. 
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39. Connection of One Boiler to Several Ranges. 
Fig. 21 shows how four water fronts W.F. may be connected to 
a boiler so that a positive and efficient circulation can be secured 
between each water front and the boiler. The arrows illustrate 
the direction of the currents. The pipes are reduced in size 
as they extend from the boiler, which will prevent the water 
fronts farthest from the boiler from being ‘‘short-circuited”’ 
by those nearest the boiler; that is to say, the circulation will 
take the shortest course between boiler and water front if the 
piping is all one size; but if it is proportioned as shown, a good 
circulation will take place in each water front. 

In case the side tapping of the boiler is too low, or if the 
ranges are set too far apart and the proper head for circulation 
cannot be obtained, the hot-water flow pipes may be connected 
to the top of the boiler, as shown by the dotted lines; or, the 
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boiler may be raised so that a satisfactory head may be secured 
for a circulation to a side opening. 


40. Connections for Boiler in Cellar.—Fig. 22 shows 
part of a building in which the hot-water boiler a is located in 
the basement, and 
heated from the water 
front in a range on 
the floor above. If 
the boiler and the 
range are connected 
by two pipes dropping 7 
directly from the | 
range to the boiler, 
circulation will not 
take place between 
these points, because 
the hot water will TWAAKA 
remain in the water 
front and the cold ° 
water in the boiler. 
No force will be pres- 
ent to raise the cold 
water to the water 
front, and so displace ; 
the hot water and | 
cause it to flow down — 
to the boiler. The 
water will simply 
remain in the water 7="=mmMEnE 
front until, by the 
enormous expansion of part of the water as it is converted 
into steam, the greater part of the hot water will be forced 
down in the pipes that connect the waiter front to the boiler, 
atid the water front, then being full of steam instead of 
water, will soon become overheated. Such a condition is 
usually made manifest by snapping or hammering and rumbling 
sounds. 
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In order to obtain a force sufficient to cause the hot water 
to descend to the boiler, and thereby secure a circulation between 
the boiler and the range, the flow pipe f, Fig. 22, is extended 
vertically upwards as far as the circumstances will allow, then 
returned and dropped downwards to the boiler, as shown by e. 
The vertical height 
of the loop should be 
at least twice the 
vertical distance be- 
tween the water front 
and the bottom of the 
boiler, in order to in- 
sure good circulation. 

When a system of 
piping similar to that 
shown in Fig. 22 is 
employed, particular 
care must be taken 
to arrange the piping 
in such a manner that 
the water front can- 
not be accidentally 
drained by shutting 
off the water and 
draining the branches 
forrepairs. It should 
be so arranged that 
the hot water may be 
shut off from the 
fixtures without in- 
terfering with the 
range circulation, which can be easily accomplished by placing 
stop-cocks where shown in the figure. 

In Fig. 22 the cold-water supply is shown as derived from a 
tank; the arrangement of the connections between the boiler 
and water front will be the same, however, if the cold-water 
supply is taken from a street main, except that the loop will 
rise only to the highest fixture to be supplied with hot water, 
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the branch to the fixture being taken from the highest point 
of the loop to draw off continuously any air that may accumu- 
late there. 


41. Connections to Hot-Water Tank in Attic. 
Occasionally, the owner of a building objects to the presence 
of a boiler in the kitchen, and demands that it be located in the 
attic. In that case, the connections between the hot-water 
tank and water front may be made as in Fig. 23, which shows a 
case where the cold- 
water supply is ob- “€& v EE SEE 
tained from a tank at N 
the top of the build- 
ing. The hot-water ] 

N 


tank a is located on R R 
the top floor below the im N | 
house tank 6, which We 2 UO 3° 
is joined to a by a NA (SS === ae Hor 
cold-water feedpipe c. | [ a us ci 
The water front in 
s | 
the kitchen range d is 
connected with a by 
the flow pipe f and ery 
return pipe e. When Gel: 
SE sane saaeh We MM YjYyyyn YY, Yl; Ws YY UM 


is obtained from a 
house tank, as in the 
case illustrated, an overflow pipe g should be attached to a and 
deliver openly into b; this pipe permits the water to expand 
freely when heated. 
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42. Connections to Radiators Heated From Kitchen 
Boiler.—If a water front is large enough, and if the kitchen 
range is fired sufficiently during extremely cold weather to 
give the proper amount of heat in the rooms, it is practicable 
to connect radiators to a kitchen boiler. Fig. 24 shows how 
the connections may be made so that the circulation to the 
radiators R will be independent of the water-supply system, 
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and will not affect the distribution of hot water through the 
building, whether the radiators are in operation or not. The 
arrangement shown favors the distribution of hot water to 
the plumbing fixtures rather than circulation to the radiators 
in the room, as the heating of the rooms over the kitchen is 
considered a matter of less importance than the supply of hot 
water for domestic purposes. The circulation to the right-hand 
radiator can be increased by dropping the return pipe into the 
kitchen before connecting it to the other return pipe. 


DETAILS OF HOT-WATER BOILER INSTALLATION 


43. Expansion Pipes.—An expansion pipe is a pipe, open 
at the top, that extends from a kitchen boiler to a cold-water 
supply tank at a higher elevation and empties into the tank. 
The pressure within the boiler is determined by the height of 
the surface of the water in the tank above it, and the boiling 
point of the water will correspond to that pressure. The 
expansion pipe serves the double purpose of acting as a safety 
device, preventing the accumulation of steam pressure, and 
permitting expansion of the heated water. Since the water in 
the hot-water pipes and expansion pipe is warmer than that in 
the supply pipe from. the tank to the boiler, the level of the 
water in the expansion pipe will be higher than the surface of 
the water in the tank. Advantage may be taken of this cir- 
cumstance to keep the temperature of the water in the boiler 
below its boiling point. For example, the water when heated 
to the desired temperature will stand several inches higher in 
the expansion pipe than in the tank. The end of the expansion 
pipe is then carefully cut down to that level, so that if any 
increase in temperature occurs, the consequent expansion will 
cause the water to overflow. The weight of the column of hot 
water wili then no longer balance the cold-supply column, and 
cold water will come down into the boiler and displace the hot 
water, driving it up the expansion pipe until the temperature 
falls to a point where the columns will balance. Thus, in some 
buildings, the temperature of the water in the boiler may be 
kept from exceeding a desired maximum, regardless of the 
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pressure; and the formation of steam within the boiler may be 
prevented, so long as the cold-water supply is maintained 
constant. Expansion pipes are not applied to hot-water systems 
supplied directly from the street mains; the water in such systems 
is allowed to expand 
back into the mains. 


44. Boiler Tap- 
pings.—Kitchen boilers 
kept in stock are usually 
tapped with two 1-inch 
Openings in the top of 
the boiler, one 1-inch 
opening in the bottom of 
the boiler, and one l-inch / 
opening in the side about 
one-third to one-half of 
the distance from the |, 
bottom to the top of the 
boiler. Special tappings f 
can be had to order in 
any part of the boiler, or 
handholes can be pro- 
vided on special order. 
When ordering special |i’: 
tappings in a boiler, to 
avoid mistakes the order 
should be accompanied 
by a sketch showing the 
location and sizes of the 
various openings. 


45. Boiler Cover- 
ings.—Boilers may be 
covered with sheet asbestos and wooden lagging of strips of 
pine or hardwood, 14 to 2 inches wide, ¢ inch or more in thick- 
ness, tongued and grooved and confined by brass or galvanized- 
iron bands. This covering will prevent the large waste of 
heat that occurs from radiation. 
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Copper boilers may be nickel plated. This plating not only 
reduces the amount of heat lost by radiation, but prevents the 
boiler from: becoming stained green with verdigris. When 
boilers are located in cellars or other places where the preven- 
tion of heat radiation is of more importance than the appearance 
of the boiler, they may be covered with a coating of asbestos 
cement, or a layer of hair felt can be put over the boiler and then 
covered with a canvas jacket neatly sewed on. 


46. Siphonage of Kitchen Boilers.—The manner in 
which a boiler and a water front may be emptied by siphonage 
will be explained with the aid of Fig. 25. The pipe a supplies 
cold water from the street main to the kitchen boiler as shown, 
and a branch, provided with a faucet b, supplies cold water to 
the basement sink. The cold water enters the boiler at a point 
below the level of the water front in the range, by means of an 
inner tube c. The pipe d furnishes hot water to fixtures at 
another part of the building. If the pipe and the boiler are 
full of water, and the cock e is closed while 6 is opened, the 
pipe a will form the long leg of a siphon and the pipe c will be 
the shorter leg; a tendency will then develop to siphon water 
from the boiler into the sink, through a and 6, if the pressure 
of the atmosphere is permitted to bear on the water in the 
boiler. This it will do if any hot-water faucet at the fixtures 
above is opened. The air pressure will then extend through d 
into the boiler and force the boiler water up the inner tube c 
into a, whence it will flow by gravity into the sink below. If 
the tube c is air-tight, siphonic action will continue, under these 
circumstances, until the water in the boiler falls to the bottom 
of the inner tube, when air will enter c, and so break the siphon. 
Since the bottom end of c is lower than the water front, which 
is connected to the boiler by the flow pipe f and return pipe g, 
the water front becomes emptied by siphonage. 

If the cock e is of the stop-and-waste pattern, and is closed, the 
waste hole will be opened at the same time, and if a faucet on 
the hot-water supply pipe is opened, the boiler will be siphoned 
through the waste until air can enter c. To prevent the water 
from becoming dangerously low in the boiler, a small hole 
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should always be drilled through c near the top of the boiler; 
the siphonage will then close as soon as the water level in the 
boiler has fallen to the level of the hole, which stops the siphonic 
action by admitting air to the short leg of the siption. 


47. Sediment Chamber.—Kitchen boilers of the ordi- 
nary pattern are sometimes provided with a sediment chamber 
intended to receive foreign matter in suspension in the water. 
The chamber consists of a pocket a, Fig. 26, connected by a 
narrow opening b to 
the bottom of the 
boiler. The circula- 
tion pipe c from the 
boiler to the water 
front is taken from a 
tapping in the side of 
the pocket. In this 
way, mud or sediment 
is prevented from 
accumulating rapidly 
in the pipe connecting 
the pocket to the 
water front. The 
sediment settles in the 
pocket, from whch 1 gp UT ERE NER 
should be removed 
at least once each een 
week by opening the blow-off cock to wash it out, otherwise 
the accumulated sediment in the pocket will ultimately choke 
the flow pipe to the water front. 


48. Regulating Temperature of Water.—In hot-water 
tanks that are heated by steam coils, the temperature of the 
water can be so regulated automatically as to maintain an 
even temperature. A form of regulator often used, shown in 
Fig. 27, consists of two rods made of metals with different 
coefficients of expansion. These are enclosed in a tube a and 
so adjusted that when the temperature of the water reaches a 
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certain degree the expansion of the metal will open the valve b, 
thus permitting the water to pass from the tank to a diaphragm 
valve c, which closes and shuts off the supply of steam from the 
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Fig. 27 


coil. When the water in the tank cools sufficiently, the rods 
contract and shut off the supply of water from the diaphragm 
valve, which opens again to admit steam to the coil. 
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The petcock e at the lower end of the drip pipe is opened just 
a little so that while the pressure is on the diaphragm a small 
stream of water will flow into the funnel-mouthed branch of 
the drain pipe. When the valve in the regulator is closed so 
that the boiler-water pressure does not come on the diaphragm 
the pressure of the water remaining in the drip pipe becomes 
reduced by the small escape opening of the drip cock e. A 
spring between the diaphragm and the valve body will push 
the valve open when the tank pressure is off the diaphragm. 

The temperature at which the water is to be maintained can 
be regulated by the adjuster d, which increases the temperature 
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of the water when its pointer is turned to the left and maintains 
a lower temperature when the pointer is turned to the right. 

The proper location for the regulator, when applied to a 
tank heated by a steam coil, is at a distance of a few inches 
above the coil. If the boiler is heated by a coal fire, the regu- 
lator should project into the tank at a height of a few inches 
above the bottom, or into the return pipe, the diaphragm being 
attached to the damper in the smoke pipe and the draft damper 
to the ash-pit. Or, a hot-water damper regulator, such as is 
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used on hot-water heating boilers for house-warming purposes, 
may be employed. 


49. Another form of regulator, known as the Sylphon and 
extensively used, is shown in Fig. 28. It consists of a closed 
stem, or brass tube a, which is screwed directly into the tank 
through a tapping at b. A brass tube ¢ connects a with a 
metal bellows d. 

The stem a, the tube c, and the bellows d are hermetically 
sealed. A liquid that vaporizes at a low temperature is enclosed 
in a.. When the water in the tank becomes heated, vapor 
generated in a increases the pressure in tube c and the bellows d, 
thus expanding the latter by overcoming the counterpoise 
weight f and closing a balanced valve g. When the water in 
the tank cools slightly, some of the vapor in a condenses, reduc- 
ing the pressure and allowing the bellows to collapse and open 
the valve g on the steam-supply pipe to the coil. By adjusting 
the weight f on the lever e the standard regulators will operate 
at any desired temperature between 140° and 200°. When 
desired, these regulators can also be had to operate at other 
temperatures. They can be furnished with a tension spring, 
instead of the lever e and counterpoise weight f. 

The proper location for the liquid tube a, when applied to a 
tank heated by a steam coil, is in the end tapping about as 
shown, although when condition warrants it any tapping about 
the same level may be used. Care should be taken not to have 
the tube a less than 3 inches distant from the steam coil, because, 
if placed nearer, the intense heat of the water at this point 
would cause the steam valve to shut off before all the water in 
the tank became heated. For the same reason it should not be 
placed too near the top of the tank. The cold-water inlet to 
the boiler should be on the opposite end from the stem a. 
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HOT-WATER DISTRIBUTION 


PIPING 


MATERIALS USED FOR PIPES 


50. Hot-water connections may be made of lead, brass, 
copper, or galvanized iron; plain iron pipe is unsuitable. The 
choice will depend on the pressure and on the appearance 
desired; also, on the character of the water and therefore its 
action on the metal. In cases where the water corrodes the 
metals named, pipes may be used that have a lining of glass, 
porcelain, or pure block tin. 


51. Lead pipe is very smooth on the inside, and of all 
piping offers the least resistance to the flow of water, owing 
to the absence of short-turn fittings. It is easily bent to suit 
any situation, and easy curves are readily made. Lead pipe 
is not suitable to withstand high pressures, because of its low 
tensile strength, nor to resist high temperatures, on account of 
its low fusing point and tendency to sag from its own weight 
when heated. 

Lead varies greatly in quality. The pure lead is soft and 
pliable, and will not tear or crack as quickly as a harder and 
more impure lead while being worked into bends, etc. The 
hardness varies according to the kind and quantity of other 
metals mixed with it, and a hard, tenacious lead will stand 
more tensile stress than a soft lead. Therefore, no reliable 
estimate can be formed of the actual strength of lead pipe. It 
will bend under pressure without breaking, and is therefore 
desirable for connections to fixtures that are liable to change 
their position, in consequence of the settling or rocking of the 
building, provided that the water pressure is not excessive. 

1 ge 
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52. Brass and copper tubings are smooth inside, and are 
made in several thicknesses. For distributing the water supply 
in buildings, iron-pipe size brass or copper tubing is generally 
used, as it will withstand the highest water pressures normally 
found in street mains. The peculiar advantage of brass and 
copper tubings is that pure water will not corrode them to an 
appreciable extent, nor will they be distorted by hot water in 
the same manner as lead pipe, owing to their superior elasticity. 
Copper tubing, because of the high ductility of the material, is 
better than brass tubing, being less liable to split in service; 
its high price prohibits its extensive use, however, and hence it 
is employed only in the very best of work, where first cost is 
a minor consideration. 


53. Galvanized wrought pipe is used extensively in some 
localities for cold- and hot-water distribution, and will with- 
stand the highest water pressure found in practice in street 
water mains. It endures the corrosive action of moist earth 
and water fairly well, but not as well as brass or copper pipe. 
Galvanized wrought pipe, like brass and copper pipe, must 
be put together with screw joints. The short bends and sharp 
angles, incident to this mode of connection, cause much friction 
and impede the flow of water. 

Galvanized wrought pipe, whether made of steel or wrought 
iron, corrodes rapidly under the influence of some kinds of 
hot water. Hot-water circulation pipes of this material some- 
times are corroded through and leak within 3 years. In such 
cases it pays to use brass or copper pipe instead of galvanized 
wrought pipe. 


SIZE OF HOT-WATER PIPES 


54. The proper diameter of pipes that are to supply hot 
water depends on several considerations: (1) The number 
and size of faucets that are likely to discharge water at the 
same time. . (2) The pressure or head of the water. (3) The 
length of the pipe. If the pipe is crooked, with numerous bends 
or angles, due allowance must be made for the consequent 
resistance. A small pipe of great length is likely to be noisy, if 
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the pressure is great, being subject to singing noises and water 
hammer. The defects may be avoided by using a larger pipe, 
thus reducing the velocity of the moving water. The dis- 
tributing mains should be a little too large rather than too 
small; the annoyance of one faucet robbing another, that is, not 
delivering a full stream of water while some other parce is 
open, will then be avoided. 


55. The diameters of hot-water mains may be based on 
the number of fixtures supplied, and may be as given in Table IV. 
When conditions are such that there is likelihood of a large 


TABLE IV 
SIZES OF HOT-WATER MAINS 


Number of Fixtures Number of Fixtures | Size of Main 


Low Pressure High Pressure Inches 
IO 15 3 
15 25 I 
25 50 It 
50 75 13 
75 125 2 
150 200 23 
200 300 a 
300 500 4 


number of fixtures being in use at the same time, the next 
larger size of pipe to that given in the table may be used. If 
the pressure in the street main is less than 30 pounds per square 
inch, the hot-water distributing system may be ranked as a 
low-pressure system, and if the water pressure is higher, as a 
high-pressure system. 

Horizontal pipes may be reduced in diameter as various 
branches are taken off. This reduction is made only to econo- 
mize in the cost of pipe. 


56. In office buildings, dwelling houses, apartment houses, 
etc., the branches leading from the hot-water mains to the 
various fixtures are generally short, and may then have the 
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sizes given in Table V. If the branch pipes are very long, each 
may be made one size larger than is given in the table. 


HOT-WATER DISTRIBUTING SYSTEMS 


DETAILS 


57. Circulation to Fixtures Below Level of Boiler. 
To pipe a building so that hot water can be drawn instantly 
at fixtures located at a lower level than that of the boiler, is 
a difficult matter. To get results fairly satisfactory in this 
respect, a loop must be formed by running the hot-water pipe 
as high as possible before descending to supply the 'owest 
fixtures. A good example is shown in Fig. 29, where laundry 


TABLE V 
SIZE OF HOT-WATER BRANCHES TO FIXTURES 


Size of Low-Pressure | Size of High-Pressure 

Supply Branch to Branch Branch 

Inches Inches 

Bath COCK ea oiae ee 2 to 3 

Basincock : 1a tt omk 3 2 toi 
Sitz bath or foot-bath 30.5 4 

Kitebem sinks. 2222 7 to% 2 to 3 

Pantrycink. 0.00 3 Sto4 

Slop sinls: 7 FL 3%: 2 to 2 1 +to'2 


tubs are located in the basement of a house supplied with 
water from a tank in the attic. The hot-water distributing 
pipe forms a loop, the flow pipe of which connects to the top 
of the boiler. A 43-inch relief, or expansion, pipe is located 
at a, which must be the highest point of the loop. This pipe 
allows air to escape from the loop, which would otherwise 
become air-locked. A stop-cock is placed at the base of the 
relief pipe, as shown, which may be checked down to a very 
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small opening if it is necessary to prevent the suction of air 
through the relief pipe when hot water is drawn through the 
fixtures. A check-valve fitted with a very light swinging valve 
is attached to the return pipe of the loop to prevent cold water 
in the bottom of the boiler from being drawn at the hot-water 
faucets of the tubs. Care must be taken not to use a heavy 
check-valve here, for the force of the circulation is not great 
enough to lift a heavy check. 

When the house is supplied with water under pressure from 
the street main, no relief 
pipe is fitted to the 
highest part of the loop, 
because the pressure is 
sufficient to dislodge any 
air that may be entrap- 
ped in the loop. 


58. Arrangement 
of Circulation Pipes. 
Pics 30r(e), aide (b) 
shows sketches of the 
manner in which _ hot- 
water pipes may be in- 
stalled to insure a cir- 
culation of hot water in 
the pipes at all times. 
Various other methods 
are used, but these represent the general principles of common 
practice. 

By the plan shown in (a), the boiler a is tapped at the top 
and the hot-water supply main 0 is carried with a slight pitch 
upwards to the farthest fixture. From this main branches are 
taken off to the various risers c, and from the risers branches 
are run to the fixtures on the several floors. From each riser, 
at a point below the highest branch, a small return, or circulating 
pipe, d runs down and connects independently to a return 
main e, which is joined to the bottom of the boiler. By this 
arrangement a complete circulation is maintained in all the 


(a) 
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pipes, as shown by the arrows. The branches f to the different 
fixtures are not provided with circulating pipes, because they 
are short. 

By the plan shown in (6), hot water from the boiler is carried 
direct to the attic, and the hot-water-supply main b is run 
around the attic with a pitch downwards to the farthest fixture. 
From this main the necessary drop risers c are taken to supply 
the various fixtures on the floors below. The base of each drop 
riser is independently connected into a return main d, which 
is run back to the boiler. From the top of the highest point 
in the supply main b, a branch e is run to some fixture that is 
in frequent use. This branch serves to relieve the main of air 
that may accumulate at this point. The circulation of the 
water in this installation will be as shown by the arrows. An 
example of the ratio of reduction in pipe size to insure good 
circulation is shown by the sizes given. ‘The sizes will be 
greater or less, according to the number of fixtures to be sup- 
plied, and can be found in Table IV. 


59. Grouping of Stop-Cocks.—In hot- or cold-water 
distribution, it is a very good practice to control the various 
distributing branches from the same point, such as above the 
boiler or at the back of the kitchen sink. The waste tubes 
of the stop-and-waste cocks can then be joined to one waste 
pipe that discharges into the kitchen sink or other convenient 
place of disposal. 

The advantages gained by supplying each line with a stop-cock 
are twofold. First, if a leak develops in any line of pipe, water 
need not be shut off from the entire water-supply system, but 
only from the line of pipe in which the leak occurs. Second, by 
closing a stop-and-waste cock and opening all the hot-water 
faucets at the fixtures supplied by that line of pipe, the water 
will all drain out of the pipe into the kitchen sink. The advan- 
tage of grouping the stop-cocks together is that in case of a 
leak the right one to shut off can be located without loss of 
time, while if the stop-cocks are scattered throughout the 
building much damage might be done to the walls and furniture 
before the right stop-cock could be found. 
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60. Covering Hot-Water Pipes.—Hot-water supply 
and circulation pipes should always be protected with some 
good non-conducting pipe covering to prevent loss of heat by 
radiation, and also to prevent the pipes from warming the 
water in cold-water pipes that may be placed near them. Any 
steam-pipe covering may be used on hot-water pipes, because 
sweat does not gather on them. Cork, or wool felt lined with 
asphalt paper are better adapted for cold- and ice-water pipes. 


61. Expansion of Hot-Water Pipes.—When running 
hot-water supply pipes, provision should always be made for 
the expansion and contraction due to the variation of the tem- 
perature of the water. If this provision is omitted, the joints 
are liable to become leaky from the enormous stresses to which 
the lines of piping will sometimes be subjected. Hot-water 
pipes should never be embedded in concrete, as the expansion 
will either crack the concrete or burst the pipes. When pipes 
must pass through concrete, a little tunnel or duct should be 
formed to receive the pipe, which can then freely expand or 
contract. 


INSTALLATION 


62. Street-Pressure Hot - Water - Supply System. 
Fig. 31 gives a sectional view of a building, showing fixtures 
and a system of piping for the supply and distribution of hot 
and cold water, the supply being taken from the city mains. 
The minimum pressure in the mains must exceed that required 
to just raise water to the highest fixtures. With this system 
of piping, when the water is shut off the street mains the entire 
building will immediately be left without water, the boiler, of 
course, remaining full, if unsiphoned. The street service pipe a, 
which joins the city main to the pipes in the building, has a 
stop-cock b attached to it just inside the cellar. A water 
meter c indicates the quantity of water used in the building. 
The pressure in the street mains in this particular case is sup- 
posed to be too great for safety or comfort, if applied to the 
plumbing in the building; consequently, a pressure-reducing 
valve d is placed on the house service pipe just beyond the 
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pipe e, which supplies a hose bib in the front area with water 
under the full pressure of the main. The stop-and-waste 
shown on this pipe e shuts off and drains it during cold weather. 

Suppose that the average main pressure is 95 pounds by the 
gauge and that this pressure, by the use of d, is reduced toa 
constant pressureof 45 pounds in the cellar of the building; then 
the size of the pipes may be about as marked on the illustration. 
Hot and cold distributing pipes are of galvanized iron, brass, 
or copper, preferably of brass or copper suitably annealed. 

Since the pressure-reducing valve is similar to a check-valve, 
in that it prevents the expansion of water back into the mains, 
a safety valve f is placed on the boiler, and a pipe g leads any 
water discharged from f into the kitchen sink. Lever-handle 
stop-and-waste cocks are placed on the most important parts 
of the system to facilitate shutting off sections for repairs, etc., 
without shutting off the entire building. Each closet tank is 
arranged to be shut off separately, because the ball-cocks or the 
tank valves in them generally require repairs more frequently 
than other parts of the system. The boiler and the water 
front h furnish hot water for the entire building. This illus- 
tration shows that there is no circulation of hot water between 
the boiler and the fixtures; therefore, a considerable quantity of 
cold water must be drawn from some of the fixtures before the 
hot water flows. Air chambers 7 are attached to the piping to 
prevent water hammer. The sediment pipe 7 discharges into 
a sink located in the basement; the valves k are for draining 
the piping system. 

The size of the piping in Fig. 31 is exaggerated, and hence 
appears out of proportion with the fixtures. This was done 
to show the pipe connections more clearly. 


63. Tank-Pressure Hot-Water-Supply System. 
Fig. 32 illustrates the same building and fixtures that are 
shown in Fig. 31; but in this case the water pressure in the 
street mains is assumed to be insufficient to force the water 
past the line A B and to the upper floor. This floor is therefore 
supplied from a house tank a, the water being pumped to the 
tank by an electric pump b. The main supply pipe is valved 
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near the pump at c, and a branch is taken from this line and 
valved at d. When the pump is in operation and water is used 
from the tank, the valve d is closed and the valve c opened. 
Should the pump and tank be out of commission, the valve c is 
closed and the valve d opened, and in this way the fixtures on 
the first three floors may be supplied with water until repairs 
can be made. The piping could be arranged so that only the 
fixtures on the upper floors would take water from the tank and 
the lower floors would be supplied direct from the street main. 
This method, however, would necessitate the use of a double 
boiler and a multiplicity of pipes, consequently the system 
shown is considered better. It is frequently used in instal- 
lations where the pressure in the street main is sufficient to 
raise the water to the tank and the use of a force pump is not 
necessary. The advantage of using a house tank is that all 
the fixtures have a low, even water pressure. 

The suction pipe e, Fig. 32, for the pump is taken from the 
street mains and is valved as shown. The delivery pipe f leads 
over and into the tank a. An automatic switch g that operates 
the motor b is placed near the tank, and this is operated by 
the rising and falling of the float h in the tank. When the 
water falls below a certain point in the tank the current will 
be turned on, and when enough water has been pumped to 
refill the tank the float automatically operates the switch and 
cuts off the current. The switch shown near the motor in the 
basement is used to turn off the current by hand when repairs 
are necessary. 

The cold-water supply pipe z is taken from the bottom of the 
tank and extends to the floor, where it is divided into two 
branches, which drop to the basement and connect to the main 
water supply. These drop lines supply the fixtures on the 
different floors, and a branch 7 supplies the hot-water tank k. 
A branch / from the supply pipe 7 extends above the tank and 
serves as an air vent for draining the pipes when the valve m 
on the line z is closed. The pipe supplies fresh water directly 
from the street main for drinking purposes. 

The fixtures on the different floors are supplied with hot 
water by two branches of the hot-water pipe o which run parallel 
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with the cold-water pipes to the highest fixtures, above which 
they terminate in small pipes p that extend to a point over the 
tank a and serve as expansion pipes and air vents. From the 
hot-water branches, at points just below the highest fixtures, 
return, or circulating, pipes g are connected, and carried to the 
bottom of the hot-water tank k. No valves are placed on the 
hot-water lines. The valve 7 on the cold-water inlet allows 
the water to be shut off from the tank, and the hot water 
can then expand into the hot-water lines. No safety valve is 
therefore required at the tank, which is connected to a separate 
heater in the basement in the usual manner. 

The best practice in the installation of a water piping system 
is represented in Fig. 32. Air chambers for all of the lavatories, 
the sink, and the laundry tubs are provided, in order to prevent 
water hammer, although there is little danger of this when a 
house tank and large pipes are used. Each fixture is provided 
with a separate shut-off valve, and all the pipes may be drained 
if necessary. The illustration is intended to show only the 
general plan of installation and not the exact details. For 
example, straight valves are shown on all the fixtures, whereas, 
except for the tubs, angle valves and wall fixtures may be used. 


64. Storage-Tank System.—Fig. 33 shows in front 
elevation and end elevation a horizontal hot-water storage 
tank a connected up in a neat and symmetrical manner. The 
tank is suspended by two wrought-iron cradles b supported on 
jron-pipe frames put together with common stock fittings, as 
shown. ‘The flanges at the base of the frame are set on the 
floor and the top of the rear frame is calked to the wall, as 
shown at c. Cold water can be supplied to the boiler either 
from the street mains through the pipe d, or from a house tank 
through the pipe e, according to the requirements of the build- 
ing and the condition of the street pressure, a check-valve f 
being placed on the rising main d. The water is heated during 
winter by a steam coil, shown by dotted lines inside of the tank. 
During summer, when steam is not available in the building, the 
water is heated by a coal fire in the heater g. A distributing 
manifold h is located over the tank; the hot-water flow pipes z 
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leading to the fixtures take their supply from this manifold, 
and each is separately valved and dripped above the manifold, as 
shown. The return, or circulation, pipes 7 are connected in the 
same manner to the return header k. A safety valve / prevents 
the accumulation of an excessive pressure due to the expansion 
of the water, of which there is a possibility, because a check- 
valve f is used on the supply pipe. This check-valve is neces- 
sary to prevent a discharge of the water in the house tank into 
the street main at times when the street-main pressure is less 
than the pressure in the house pipes. A damper regulator m 
adjusts the combustion of the fire in the heater according to 
the temperature of the water, and is intended to prevent the 
formation of steam in the heater. The drip pipe 1 is continued 
to a floor drain trap and discharges openly into it. This pipe 
carries off water from the drip cocks, the safety valve, and the 
blow-off, or emptying, pipes. 

The rising pipes are run under the ceiling at equal distances 
apart, being supported by bar hangers o hung from the ceiling 
at intervals of about 8 feet. 

The arrangement shown in Fig. 33 is particularly adapted 
for use in apartment houses, small hotels, and other buildings 
where steam is not used for power purposes. If the plumber, 
in making boiler connections like those shown, is careful to 
line up all the valves neatly in rows, fit up the pipes straight 
and equidistant, and to have no crooked threads or marred 
pipes, the work will be typical of the best modern practice. 


PLUMBING INSPECTION 


INSPECTION OF NEW WORK 


DUTIES OF PLUMBING INSPECTOR 


INSPECTION OF PLANS 


1. The first duty of a plumbing inspector in relation to 
the work in any new building located within his jurisdiction 
is to examine carefully the plans and specifications submitted 
for approval to see that they conform to all the requirements 
of the plumbing code. Should the plans and specifications 
for any reason not conform to such requirements, they should 
immediately be disapproved and notice of such disapproval, 
stating the reason for such action, should be served on the 
owner, architect, or plumber that submitted the plans. 

Under no consideration should plans and specifications be 
returned to the party that filed them, but corrections in the 
form of amendments should be added to the plans and 
specifications until they conform to all requirements of the 
code. By this method of procedure, a complete record of 
the entire transaction, showing the various stages of nego- 
tiations, is kept. 

When defective plans or specifications have been amended, 
they should again be examined, and if unsatisfactory a second 
notice of disapproval should be sent to the party filing them. 
If, on the other hand, the plans and specifications both con- 
form to all requirements of the plumbing code, they should 
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be approved, and notice of such approval sent to the proper 
party. ‘This notice of approval usually serves as a permit, and 
is a license to the contracting plumber to proceed with the 
installation according to the approved plans and specifications. 


2. Pending approval of plans and specifications, the 
inspector may keep watch on the building where the work 
is to be installed to see that no work is done by the plumber 
without approval of the department. Should the work be 
installed and finished without the knowledge or approval of 
the department, it would require a lawsuit to cause altera- 
tions to be made. The lawsuit would consist of a condemna- 
tion proceeding, which would place on the department the 
burden of proof to show that the work was unsanitary— 
sometimes a very difficult matter to prove. Should, on the 
other hand, a contractor be discovered installing work the 
plans for which have not been approved by the proper 
authorities, an injunction proceeding will restrain him from 
finishing it until such time as all conditions have been com- 
plied with. 


EXAMINATION OF THE WORK 


3. Periodical Examinations.—When the work of 
installing a plumbing system has been commenced, the 
inspector should make periodical examinations of the work 
to see that no deviations from the plans and specifications are 
made. Should it be necessary, at this stage of the installation, 
to change the layout of work to avoid some unforeseen obsta- 
cles, or should some extra fixtures be required as an after- 
consideration, the inspector should see that amendments to 
the plans and specifications, covering the alterations, are sub- 
mitted to, and approved by, the proper authority, before 
permitting that portion of the work to be installed. 


4. Common Defects of New Work.—The defects of 
installations: most frequently observed and that must be 
carefully looked for by the plumbing inspectors are split hubs; 
sand holes in pipes or fittings; light-weight cast-iron pipe and 
fittings; low vent connections to vent stacks; light-weight lead 
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pipe, traps and bends; light-weight ferrules; and T-branch 
connections to soil or waste pipes. 

Where the Durham system of piping is used, the inspector 
should see that the ends of all pipes, before they are screwed 
into fittings, are reamed to remove the burr formed by cutting 
the pipe, and that fittings are flush fittings. Also, he should 
see that the entire drainage system is well supported to prevent 
settlement of the stacks, and that all offsets are made with 
_ bends of easy curves. 

It should be ascertained beyond any possibility of doubt 
that all drain pipes have a suitable pitch toward their natural 
outlets, and that the sizes of the pipes actually installed coin- 
cide with the sizes of pipes marked on the approved plans. It 
should further be ascertained that all soil stacks and waste 
stacks are carried full size up to and through the roof, and 
that the outlets terminate well away from windows, doors, 
chimneys, flues, or other openings to the building. The 
inspector should examine the vent stacks to see if they intersect 
the accompanying soil stacks or waste stacks below the inlet 
from the lowest fixture. He should further be sure that the 
vent stack is again connected to the accompanying soil stack 
or waste stack above the highest fixture, or else extends sepa- 
rately through the roof. 

Fixture traps should be examined to see that they are set 
true with respect to their water seals, and that they are properly 
vented by a branch pipe extending from near the crown. of the 
trap to the main vent stack. 

The fresh-air inlet should be examined to see that it is 
properly connected to the main house drain, and that the 
outlet is properly protected from obstruction and located a 
suitable distance from windows or doors. In fact, the entire 
work must be inspected to see that it is built in accordance 
‘ with the plans, specifications, and the plumbing code. 


5. Changes.—Should the contractor, without filing an 
amendment to the plans and specifications, deviate from the 
work as approved by the department, or should inferior mate- 
rials be used in place of those specified, it becomes the duty of 
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the plumbing inspector, on discovering such alterations or 
deviations, to notify the department of such violation of the 
code. The inspector’s report on violation should state that he 
has examined the premises described and has found thereon 
a violation of section of the plumbing code, and should 
then state in detail what omission or commission constituted 
the violation. 


OFFICE FORMS AND BLANKS 


6. In most large cities the Plumbing Department is respon- 
sible for the enforcement of the rules and regulations pertaining 
to the plumbing of buildings. The department is known by 
different names in different cities, but usually is under the 
jurisdiction of the Department of Buildings. The laws, rules, 
and regulations regarding plumbing work are different in dif- 
ferent cities, and all persons working under them must become 
familiar with, and conform to, the local regulations. 

The office forms here given are those used by the Bureau of 
Buildings, of New York City, and the references to rules and 
regulations are to those used by that Bureau. 


7. Certificates of Registration of Master Plumbers. 
After a master plumber has been duly examined by the Exam- 
ining Board of Plumbers in his city, as required by the law, and 
has been found competent to conduct a plumbing business, he 
is granted a certificate, or license, by the Board; this he retains 
in his own possession and usually has it framed and hung on 
his office wall. 

On or before submitting plans and specifications to the 
Plumbing Department for approval, the plumber registers with 
the Department the number of his certificate and such other 
information regarding it as may be required. 

Fig. 1 is a copy of a registration form used in New York City. 
It is intended for a master plumber doing business for himself 
alone, without partners and not incorporated as a company. 

The other side of the form shown in Fig. 1 has the form shown 
in Fig. 2, to be used if the business is a partnership or a cor- 
poration. 


§ 53 PLUMBING INSPECTION 7 


FILING PLANS AND SPECIFICATIONS 

8. Application Form.—The form, Figs. 3 and 4, shows 
the papers that have to be filled in by the architect, owner, 
plumber, or whoever may be responsible for the design or 
execution of the plumbing and drainage work in new buildings. 
It is known as an application form, and is to be accompanied 
by a set of the plans and specifications of the proposed work, all 
of which are examined by the plumbing examiner, who approves 
the plans and specifications if they are drawn up in accordance 
with the rules and regulations. 

A separate form, known as a repair slip, is used in connection 
with suitable plans and specifications when required, for all 
overhauling or repair work in old buildings where the piping 
or fixtures are materially changed. 


9. The specification form for plumbing work, to be used 
in connection with the application form, should be filled out 
and filed by the plumber. Figs. 5 and 6 show a form for this 
purpose. 

10. Anaffidavit of registered plumber may be required 
of a master plumber in connection with the application and the 
specifications already shown, and when such is required a form 
similar to that shown in Fig. 7 may be used. This should be 
filled in by the master plumber and sworn to before a notary 
public. 

11. An amendment to application may be required 
should the plans and specifications be found not acccording 
to rules and regulations, or should changes be required in the 
plumbing system that are not shown in the plans or specifica- 
tions. An amendment form, as that shown in Fig. 8, may be 
furnished for this purpose. 


12. A notice for sewer connection may be transmitted 
to the Department of Public Works after the application has 
been duly approved by the Plumbing Department and filed, so 
that the plumber, on request to the Department of Public 
Works, may get his sewer connection put in without trouble. 
A suitable form for this purpose is shown in Fig. 9. 


BUREAU OF BUILDINGS 


BOROUGH OF MANHATTAN, CITY OF NEW YORK 


NOTICE- This Application must be typewritten and filed In triplicate 


P &D. APPLICATION NO.________19 Ait: } Plan No. 
LOCATION 


New York City 19 


TO THE SUPERINTENDENT OF BUILDINGS : 


Application is hereby made for approval of the plans and specifications herewith submitted, and made a part 
hereof, for the PLUMBING AND DRAINAGE of the building herein described,—with the understanding that if no 
work is performed hereunder within one year from the time of issuance, this approval shall expire by limitation as pro- 
vided by law; and the applicant agrees to comply with all the rules and regulations of the Bureau of Buildings for the 
Borough of Manhattan and with every other provision of law relating to this subject in effect at this date. 


Svarx, Country ano \ nas 


City or New York Applicant 


Sian Here 
being duly sworn, deposes and says That he resides at Number 

in the Borough of 
in the City of in the County of 


in the State of . that he is 
owner in fee of all that certuin lot, piece or parcel of land, shown on the diagram annexed hereto and made 
a part hereof, situate, lying and being in the Borough of Manhattan, City of New York aforesaid, and known 


and designated as Number 

and hereinafter more particularly described ; that the work pruposed to be done apon the said premises, in 
accordance with the accompanying detailed statement in writing of the epecifications and plans of such pro- 
posed work—including all amendments to the same which may be filed hereafter—is duly authorized to be 


performed by 
Name of Owner or Lessee 


and that 


duly authorized by the aforesaid to make application for 


the approval of such detailed statement of speciiications and plans (and amendments thereto) in 


behalf. 

Deponent further says that the full names and residences, street and number, of the owner or owners 
of the said Jand, and also of every person interested in said building or proposed building, structure or pro- 
posed structure, premises, wall, platform, stagmg or flooring, either as owner, lessec, or in any representative 


capacity, are as follows 


No. 


(Page 1) 


Fic. 3 


The said land and premises above referred to are situate at, bounded and described as follows, viz, 


BEGINNING at a point on the side of 

distant feet from the corner formed by the intersection of 
and 

running thence feet; thence feet; 

thence feet; thence 


feet 


to the point or place of beginning. 


Sworn to before me, <p ES 


day oh FD, 


When properly signed by the Superintendent of Buildings of the Borough of Manhattan, this applica- 
tion becomes a PERMIT as required by the Building Code of the City of New York, to perform such work as 
is described in the foregoing statement and the attached plans and specifications which are s part hereof 


“EXAMINED AND RECOMMENDED FOR APPROVAL ON. 19 


Examiner 


APPROVED 


Superintendent of Buildings, Borough of Manhattan. 


| 


BUREAU OF BUILDINGS 


BOROUGH OF MANHATTAN, CITY OF NEW YORK 


NOTICE—This Application must be typewritten end filed in triplicate 


P, & D. APPLICATION No, ALT | Plan No, 


LOCATION 


SPECIFICATIONS 


Number of Buildings ? New or old buildings? 


Front or rear of lot? Any other building on lot? 


How to be occupied ?. If old, how was building occupied ? 


How will the sewage and drainage of the buildings be disposed of, if by other than « public sewer ? 


House sewera—State number for each building ——— Diameter___________ inches. 


Material ? 5 Fall per foot__inch. 


House traps—Number ? : Diameter______ inches. 
Fresh-air inlets—State number for each building — Diameter______inches. 


Location of inlet? 


House drains—Number for each building ?___- Diameter____inches. Fall per foot. inches 
Area, shaft, court and yard drains—Number ?_——____ Diameter. inches. 


Sub-soil drains—Number ?___ Where connected ? 


Floor, cellar and stall drains—Number? - Diameter_________ inches. 


How trapped and arranged to maintain a permanent water seal? 


Material of soil, waste and yent-pipes? 


Soil-pipes—Number in each building ? © Diameter___________ inches. 


Waste-pipes— Number in each building ?. “ Diameter____inches. 


Vent-pipes—Number in each building ? x > Diameter_______inches. 


Refrigerator waste-pipes—State number in each building ?___*__. Diameter_________inches. 


Roof drainage—State number of outside leaders ? 


Diameter Sinton: Diameter of traps inches. 


State number of inside leaders 


Diameters. é Diameter of traps____________—_inches. 


How will the floor of water-closet apartment be made water-proof ?. 


House-tank—Where located ? 


Describe water-closets. 


Describe urinals 


Describe hath-tubs (state brand of same) 


a kw sSsSSSSSSSSSsSsSs— 


(Pace 2} loort:x0fD Ux OTHRE HDB) 
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Water-closets 


Urinals 


Wasb-basing 


Batb-tubs 


Wasb-tubs___ 


Sinks 


Dental Cuspidors — _ 


Slop Sinks 


Drinking Fountains. 


Showers 


Plunge Baths, 


SaeneEenE 
SSEenE 


Sign hi 
(Sign here) ‘Applicant 
pS SS Se Fee 
Objections Filed SE ee ee Seer ee ee 
Examiner 
Examined and Recommended 
for Approval on a eee ee 
Examiner 


APPROVED___. 


Superintendent of Buildings, Borongh of Manhattan 


L1G. 6 


BUREAU OF BUILDINGS 


BOROUGH OF MANHATTAN, CITY OF NEW YORK 


NOTICE—This Affidavit must be typewritten and filed in duplicate 


P. & D. APPLICATION NO. 19 ra} Plan Noe tg 


LOCATION. 


AFFIDAVIT OF REGISTERED PLUMBER 


Strate, COUNTY AND ean 
City or New York = 


being duly sworn, deposes and says, that he is a master plumber, duly registered in the 


City of New York (Certificate of Registration No.._.___________191  ) residing at 


Borough of 


and with shop at___ Borough'o—_—— 


that he is duly authorized by the of the property located 


on the._____side of 


feet of. 


to do the plumbing work as set forth in the application, detailed statement of specifications 
and accompanying plans—including all amendments to the same which may be filed here- 
after—comprising and filed as P. & D. Application No.__________191 ; and hereby stipu- 
lates that he will comply with all the rules and regulations of the Bureau of Buildings for 
the Borough of Manhattan and with every other provision of law relating to the subject of 


plumbing and drainage in the City of New York, in effect at this date. 


Sworn to before me epee 
19 


day of 


Fic. 7 


12 


iy 


13 


BUREAU OF BUILDINGS 


BOROUGH OF MANHATTAN, CITY OF NEW YORK 


NOTICE—This Amendment must be typewritten and filed in triplicate 


P. & D. APPLICATION No.9 AUT Plan Noe ee eee 


LOCATION 


New York City. 19 


To THE SUPERINTENDENT OF BUILDINGS. 


Application is hereby made for approyal of the following AMENDMENT to the specifications and plans filed with 
the above numbered plumbing and drainage application, with the stipulation that this amendment is to become a part of 
the aforesaid original application and subject to all the conditions, agreements and statements therein contained. 


(Signed) 


EXAMINED AND RECOMMENDED 
FOR APPROVAL ON. 


APPROVED. Superintendent of Buildings, Borough of Manhattan 


Fic. 8 


BUREAU OF BUILDINGS 


BOROUGH OF MANHATTAN, CITY OF NEW YORK 


N.B. 
PLAN No._____ Ait. }19 — Date. 


To the COMMISSIONER OF PUBLIC WORKS 
Borough of Manhattan 


Notice is hereby given, for the information of the Bureau of Sewers, that an 
application for plumbing has been filed in this Bureau as follows: 


1. Location 
2. The building in which work is proposed is 
(a) New building. 
(b) An extension to an existing building. 
(c) An alteration within an existing building. 


(Note : Erase those items which do not apply.) 
The area of the lot or plot affected is___...________sgq. ft. 


The area at the curb level of 
(a) New building iq 26 gg: ft 
(bo) Existing building is__._...._sq. ft. 
(c) Of proposed extensions are respectively 


Name of Applicant 


Address of Applicant 


Superintendend of Buildings. 


Examined by 


{As soon as filed, plumbing examiner will check the above statement with application and plans.) 


Fic. 9 
14 
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INSPECTION OF WORK 


13. Witnessing Tests.—When the Plumbing Depart- 
ment receives notice that a drainage system is filled with water 
and ready for the inspector to examine, it is its duty to have an 
inspector examine and pass upon the work within 48 hours 
from receipt of such notice. Should the inspector refuse or 
neglect to make an examination within the prescribed time, the 
plumber may have the work examined by some other competent 
person, and then withdraw the water from the lines and pro- 
ceed with his work. 


(14. When about to witness a roughing test, the inspector 
should first ascertain whether it will be a water test or a com- 
pressed-air test. If it is a water test, he should have the entire 
drainage system filled until water overflows the stacks above 
the roof; then, beginning at the top, he should work downwards, 
examining carefully every line of pipe, keeping a sharp lookout 
for rust, tallow patches, and tar patches, that might conceal 
split hubs, sand holes, or other defects in the pipe or fittings. 
When the system is perfectly tight, he should have the water 
drawn from the system in his presence so that he can judge from 
the volume of water whether the system was completely filled. 


15. When witnessing an air test, the inspector should 
first examine and test the pressure gauge to prove its accuracy, 
and see that it has not been calibrated to register a greater 
pressure than is actually on the system. Where doubt exists 
as to the accuracy of a pressure gauge and no means are avail- 
able for testing its accuracy, the inspector should require 
mercury gauge to be substituted for the spring gauge. The air 
in the system should then be compressed in the presence of the 
inspector, who can judge from the length of time required to 
pump up the pressure whether the entire system is being filled. 
When a pressure of 10 pounds is indicated by the gauge, the 
pressure is sufficient for the purpose of a test, and if the indi- 
cating hand of the gauge remains stationary for 20 minutes 
the system can be considered tight. The test, however, does 
not end there. The inspector should now carefully examine the 
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system to see that leaks have not been made tight with pitch, 
tar, rust preparations, or other temporary makeshifts that 
might soon give way and permit the system to leak. He should 
further satisfy himself, by loosening testing plugs in various 
parts of the system, that pressure is on all the stacks and 
branches. 


16. Where the plumbing code requires that “after the 
completion of work, when water has been turned on, the system 
shall again be tested with a peppermint test or a smoke test,” 
the inspector should insist on the smoke test being applied. 
Peppermint tests, in a strict sense, cannot be considered tests, 
inasmuch as they disclose only large leaks in a system. They 
do not create an internal pressure, and when they disclose the 
presence of a leak it is only by indicating to the sense of smell 
that there is a defect somewhere in the system—the precise 
spot is not disclosed. Smoke machines, on the contrary, 
maintain a pressure within the system that discloses the most 
minute leak, and smoke issuing from the defects indicates the 
exact location. . 

When a smoke test is applied, the inspector should see that 
all traps are sealed with water and that all outlets above the 
roof are left open until smoke issues from them. The outlets 
should then be tightly plugged to prevent further loss of smoke 
or escape of pressure, and the system pumped full of smoke 
until it sustains a pressure equal to at least a 1-inch column 
of water. If this pressure remains unchanged for 5 minutes 
the system may be considered tight. 


17. Reports of Inspection to Department.—Besides 
the reports on violations, a plumbing inspector should, as the 
work progresses, make several other reports to the Plumbing 
Department. Each report should be based on a personal 
examination of the premises and should state the amount of 
work that had been installed since the last inspection of the 
premises and whether the work conformed to the specifications. 
His first report should be made as soon as work is commenced 
on the plumbing contract; it should be indorsed on the appli- 
cation for permit. 
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18. A report as to commencement of the work is 
filed by the inspector, who has been detailed to look after the 
job and to make such inspections, from time to time while the 
work progresses, as may be required to enable him to see that 
it is all being performed in accordance with the plans and 
specifications filed in his office. 

A suitable form for the first report is given in Fig. 10. 


19. A request for plumbing and drainage inspection 
may be made by the plumber on postal cards printed specially 


P. & ©. APPLICATION (REPORT ON COMMENCEMENT OF WORK) 


BUREAU OF BUILDINGS 


BOROUGH OF MANHATTAN, CITY OF NEW YORK 


P. & D. APPLICATION NO. Ait} Plan No. 


LOCATION 
REPORT OF INSPECTOR 
AS TO COMMENCEMENT OF WORK 
City or New York, 


To the Superintendent of Buildings for the Borough of Manhattan : 
Sir—I beg to report that the work of plumbing and drainage described in the above mentioned 


Application was begun on the OR) ee a ee ee IL 


TSCM OF crepes DASTIICE 


J 


Fic. 10 


for the purpose, similar to that shown in Fig. 11. When the 
work is near a stage where an inspection is desirable, the 
plumber mails a request card to the Plumbing Department. 
An inspector is then detailed to make the inspection and report 


on it. 
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20. The Department should endeavor to accommodate the 
plumber as much as possible regarding appointments, for it is 
a costly matter for the plumber to have skilled mechanics 


BUREAU OF BUILDINGS—BOROUGH OF MANHATTAN 


CITY OF NEW YORK 


Date 19 


To the Superintendent of Buildings : 


An inspection of plumbing and drainage is requested at premises 


for purpose of ise 


in connection with Plan No. = 19 
(Signed) 

Plumber 
Address ae 


Registered in Borough of 


REFERRED to Inspector 


Date _ 


NOTE: IF A REPORT IS NECESSARY, IT SHOULD BB 
° MADE ON A SPECIAL REPORT BLANK 


Fic. 11 


sitting waiting for an inspector who is not on time. And the 
‘plumber should accommodate inspectors as much as he can, 
for inspectors are very busy men. The plumber must see that 
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the work, to the best of his knowledge, is installed according to 
the rules, and is all open and ready for inspection. The inspec- 
tor can thus quickly, yet accurately, inspect the work and 
pass it. 

If the plumber does not operate according to the rules and 
regulations of the Plumbing Department he is rightfully repri- 


CERTIFICATE OF COMPLIANCE WITH F.4D. RULES 


BUREAU OF BUILDINGS 


BOROUGH OF MANHATTAN, CITY OF NEW YORK 


P.&D. APPLICATIONNO..—— 9 APRS ea ye ae ey 
LOCATION 
New: York: City = ee D 
Plomber. 
Address 


Sm: An inspection of the recently installed plumbing work at tue above location, consisting of 


was made by an Inspector of this Bureau 


on_____ C9 sand reported by him to comply with the Rules and Regulations for 


Plumbing and Drainage, Water Supply, Gas Piping and Ventilation of Buildings in effect at this date. 


inspector 


Superintendent of Buildings 


NOTE 'f the above mentioned buliding Is « tenement house, # copy of Tenement House Department 
this netice must be filed with the Tenement House Dopartment. 
Plan No. 


[Pace j 


Fic. 12 


manded or punished. And in like manner, if the inspector does 
not give the plumbers prompt and courteous attention at 
inspections and tests he should be reprimanded or punished also. 


21. A certificate of compliance with the plumbing and 
drainage rules is filed by the inspector in the department after 
each inspection has been made, so that the department may be 
familiar with the progress of the work. 

Fig. 12 is a sample of such a certificate. 

I LT 38225 


OU 
wo) 
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VIOLATIONS 


22. The rules and regulations governing plumbers and 
plumbing are seldom violated by reputable plumbers who are 
experienced with the methods of the Plumbing Department. 

Master plumbers inexperienced in the business, however, may 
construct the work, or part of it, in such a way that it is not in 
accordance with the rules and regulations. Such parts are 
known as violations and are treated accordingly by the Plumbing 
Department. 


23. A report of violation form is filled out by the inspec- 
tor and submitted to the head of the Plumbing Department. 
Fig. 13 is an example of such a form. 


24. The Department then serves notice on the party who 
signed the application, in order that he may correct his errors. 
A notice of violation form used in New York for this purpose 
is as in Fig. 14. 


25. The copy of the notice of violation which is filed in 
the department usually has an affidavit printed on the back to 
be filled in by the inspector and sworn to before a notary after 
he has served the notice. An inspector’s affidavit form used 
for this purpose in New York City is shown in Fig. 15. 


26. Prosecution of Violations.—The copy of notice of 
violation actually served on the violator by the inspector should 
have a reprint of that portion of the law covering violations 
printed on the back thereof so the violator may understand the 
action which the Department may take should he refuse to 
remove the violation within the specified time. 

Fig. 16 is an example of such a form. 


27. Service of violation notice by mail is resorted to 
in cases where the server cannot find the violator and make the 
service in person. When such is the case, the violation notice, 
having the extract from the law on prosecution printed on the 
back, is mailed to the violator, and an office copy of the notice, 
having a suitable affidavit for service by mailing printed on the 


Report of Violation (Original Case) 


BUREAU OF BUILDINGS 


BOROUGH OF MANHATTAN, CITY OF NEW YORK 


ID 


To the Superintendent of Buildings for the Borough of Manhattan: 


I respectfully report that, on____, I examined the premises and building situated on 
the of the lot on the side of. » commencing about 
= feet from the corner of. i de 


and known.as No. 


and find existing thereon a violation of Section of the Building Code, as follows: 


said building being 
building and. stor in height, 


feet front, feet rear, feet deep, and 


feet high, and occupied or intended to be occupied as 
and located in the Borough of Manhattan, in The City of New York. 


Name Appaess 
Owner 
Lessee 
Agent. 
Architect aI “ 
Gen’l Contractor. 
Iron and S, Contractor 
Plumber 
New Building 19 
Alteration 19 
PLAN NO. Slip Application E -19 
No Construction = 19 


What immediate action (if any) is necessary? 


(Signed) 


Approved for Filing bg 


(Title) _— 


Superintendent of Buildings. 


Violation Noo DD 


Fic. 13 


21 


Nortrce or Vioration (P. 8. Corr) 


BUREAU OF BUILDINGS 


BOROUGH OF MANHATTAN, CITY OF NEW YORK 


220 FOURTH AVENUE, S. W. CORNER 18th STREET 


NOTICE OF VIOLATION No. 19 


You will please take notice that, at the premises hereinafter described, there exists a violation of the 


Building Code, as follows : 


As soon as the work or other action necessary to remove this violation has been completed, you will 
please notify this Bureau requesting an inspection. 

The building —_ and premises to which this notice refers are situated on the 
ofthe lot on the side of 


commencing about feet from the corner of 


and known as Number 

said building —_ being story building , about 

feet front, feet rear, feet deep, and feet high, and occupied or 
intended to be occupied as a and located in the Borough of Manhattan, 
in The City of New York. 

By the comwission of the said violation you have incurred a penalty of Fifty Dollars. Should you 
fail to comply with this notice within ten days after the service thereof, you will incur a penalty of Two 
Hundred and Fifty Dollurs. You are hereby required to remove said violation forthwith, or legal proceed- 
ings will be commenced against you to compel full compliance with the law, and also to collect the 


maximum penalty of Two Hundred and Fifty Dollars. 


Superintendent of Buildings for the Borowgh of Manhattan 


Ba PLEASE BRING THIS NOTICE WITH YOU 


Fie. 14 


22 


23 


State and Citp of Pew Pork, ) 


Countp of Rew Bork, = 


of said City and County, being duly sworn, says that he is an officer and employee in the Burean of 
Buildings for the Borough of Manhattan of The City of New York; that he is over twenty-one years of age; 


that on the day of OF. pats 


in the Borough of 


in said City, he served the within notice upon 


therein named, by delivering to and leaving with. 


personally, a true and correct copy thereof, and that he knows the person 80 served as aforesaid to be 
the same person mentioned and described in said notice. 


Deponent further says, that the said. 


then aud there stated to deponent that he was the 


of the building described in the said notice. 


Sworn to before me, this —______—__ } 
day of ——_______ 19 § 


° 


Fic. 15 


BUREAU OF BUILDINGS, BOROUGH OF MANHATTAN 


No, 220 FOURTH AVENUE 


BULLETIN No. 42—1912 


PROSECUTION OF VIOLATIONS 


The records of this Bureau show that violations of the Building Law are increasing in number. To the end that the present 


apparent disrespect for the laws may cease, the following policy has been adopted and the Corporation Counsel has been instructed 
to act accordingly : 


(2) Whenever the person interested in the property shows an inclination to comply with the law with reasonable 
promptness after the matter has been called to his attention by this Bureau, the case will be retained in this office 
pending such compliance, and no penalty will be collected: 

(2) Where it becomes necessary to refer cases to the Corporation Counsel and thereafter the parties interested 
take prompt notice of their obligations and meet the requirements of the law within a reasonable time—which, of 
course, will vary somewhat according to the circumstances of the case, a minimum penalty of fifty dollars will be 
collected, unless this penalty is waived by the Superintendent of Buildings. Where the violation is comparatively 
unimportant and there is nothing to show an intent cn the part of the defendant to violate the law, and also where 
a case can be sectled promptly before trial, the minimum penalty of fifty dollars will be collected. 

(c) But where it becomes necessary to go further and take aggressive steps against the parties, by actual suit 
of otherwise, the maximum penalty of two hundred and fifty dollars will be insisted upom Some of the cases which 
belong in this class are those where an injunction has been obtained, and where it has been necessary to summon 
parties toa Magistrate's Court, 


A prompt compliance with all orders with respect to violations will save much trouble and embarrassment to all parties 


concerned, 


RUDOLPH P. MILLER 
Superintendent of Buildings 


Dated: August 21st, 19 


Fic. 16 


a 


Ayrpavit—Sxavica o Viouation Novics sx Postine awo Marie 
aa 


A#tate and Citp of Pew Bork, 
Countp of Pew Pork, 


88.: 


of said City and County, being duly sworn, says that he is an officer and employee in the Bureau of Buildings 


for the Borough of Mauhattan of The City of New York; that he is over twenty-one years of age; that te has 


attempted to make a personal service of the within notice of violation upor the party named therein, and that 
, 


altnough a diligent search for the aforesaid person has been made in The City of New York, to wit: 


and deponent has carefully examined the New York City directories and other reliable sources of information 


available in his effort to locate the said person , he or they cannot be found iy this deponent; that thereafter, 


on the day of 19 , in pursuance of the provisions of the Building Code of The 


City of New York, the deponent served upon 


thereof, herein named, a true and correct copy of the within notice or order, by posting the 


the 


same in a conspicuous place upon the premises therein mentioned and described, and by depositing on the same 


day, another true copy thereof in a post-office in the said City of New York, enclosed in a sealed wrapper with 


the postage paid thereon, addressed to said 


that being last known place of residence. Deponent further says that, according to his best in- 


formation and belief, the person so <cived as aforesaid is the same person mentioned and described in the within 


notice and to whom the same is addressed. 


Sworn to before me, this 


day of. 


Fic. 17 


25 
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back, is filled in by the inspector and filed in the Department. 
An affidavit of service by mail form is shown in Fig. 17. 


28. A special report on violation is called for by the 
head of the Plumbing Department after the time limit pre- 
scribed by law has expired, if the violator has not already 
removed the violation and notified the Department. A suit- 
able form for such a report is given in Fig. 18. 


29. Ifthe work is not yet made right according to the rules 
and regulations, and if the violator has tried to do what is 
right, the evidence being that the violation is due to inexperience 
rather than being an intentional violation, the inspector may 
advise the master plumber how to remove the violation by 
making such changes in the piping, etc. as may be required by 
the rules and regulations. It is correct and proper that the 
inspector, who is trained in the correct interpretation of the 
plumbing laws and ordinances, should help any master plumber 
who may need guidance as the work proceeds, providing such 
master plumber gives evidence that he is endeavoring to work 
according to the rules and regulations. 

If, however, a master plumber intentionally tries to evade 
the law, and installs a system not according to law, evidence 
being present to the effect that the violation is intentional 
on the part of the violator, then the Department should not 
parley but instantly enforce the law. Quick, forceful action in 
a case of this kind creates respect for, and confidence in, the 
Department by owners, architects, plumbing contractors, and 
the public. 


30. When a notice to remove a cause of violation is served 
on a contractor, and he refuses or neglects to obey its mandate, 
the case leaves the jurisdiction of the Plumbing Department 
and becomes a matter for the courts to settle. If, on the 
contrary, the plumber removes the cause of violation, then, 
on notice to the Plumbing Department, an inspector will make 
another examination of the condemned portion of work, and 
if found satisfactory will make a final report to the superin- 
tendent of the condition of the work, together with a recom- 
mendation to dismiss the violation. 


‘Srrctan Rerort ox Violation 


BUREAU OF BUILDINGS 
BOROUGH OF MANHATTAN, CITY OF NEW YORK 


. 
VIOLATION = eee Tg 
LOCATION_ 


PARTICULARS OF VIOLATION 


To (Date) 


Please have Inspector examine the above premises, and report if the law has been complied with; 
and if not, state just what work included in the violation order has not been done, 


RUDOLPH P. MILLER 
Superintendent of Buildings 
Inspection 
Date of Report—__ 19 
TO THE SUPERINTENDENT OF BUILDINGS: 
I examined the above premises on 19 ; and respectfully report 
as follows: 


| 


Fic. 18 


Final Report on Violation 


BUREAU OF BUILDINGS 
BOROUGH OF MANHATTAN, CITY OF NEW YORK 


Final Report on Violation ——_»_»_—2'YSd 


LOCATION 


To the Superintendent of Buildings for the Borough of Manhattan : 


S1r: I respectfully report that on———_______________mme§_==19~—Sts«,:«T examined the build- 


ing herein described, and find that the violation of law thereon has been removed, as follows: 


APPROVED 


Superintendent of Buildings, Borough of Msphatian. 


Fic. 19 
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F. & D. APPLICATION (FINAL REPORT) 


BUREAU OF BUILDINGS 


BOROUGH OF MANHATTAN, CITY OF NEW YORK 


P. & D. APPLICATION NO. 193 ALTOS PlanjNowe Deen 


LOCATION 


FINAL REPORT 


ity OF NOW YOK ee eG 


To the Superintendent of Buildings for the Borough of Manhattan 


Str—I beg to report that the work of plumbing and drainage described in the above-mentioned applica- 
tion was completed on the______day of __________, 19 and that said work was carefully 
examined by me and found to conform im all respects to the approved plans and specifications and the Rules 


and Regulations of the Bureau of Buildings for the Borough of Manhattan, except as follows 


Respectfully submitted, 


Inspector, = District. 


Fic. 20 
29 


P. & D. Rersse Sur 


BUREAU OF BUILDINGS 
BOROUGH OF MANHATTAN, CITY OF NEW YORK 


NOTE—This form is to be used only for the installation of additional 
fixtures to existing lines, when the horizontal branch does not exceed 
fifteen (15) feet in length, and for horizontal branches for yard, area 
and court drains fifteen (15) feet or less, connected to the existing house 


drain or its branches. 


LOCATION 


To Tue SUPERINTENDENT OF BUILDINGS: 
An inspection is requested of the Plumbing and Drainage herein described, at 


Premises 


Name of Owner. 


Address. 


Name of Lessee. 


Address. 


Diameter of present soil line 


Diameter of present waste line. 


Diameter of present vent line. 


LOCATION OF PROPOSED FIXTURES 


Story. 


Indicate 


First Story. 
Second Story. 
Fourth Story. 
Eighth Story. 
Ninth Story. 
Eleventh Story. 
Twelfth Story. 
Fourteenth Story. 
Fifteenth Story. 
Seventeenth Story. 
Eighteenth Story. 
Twentieth Story 


If yard, area or court drains are to be installed, describe in detail below: 


(Signed) 


Fic, 21 


30 
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31. The final report on violation is submitted to the 
Department by the inspector after the violation has been 
removed. A suitable form of such report is given in Fig. 19. 


32. The final report on application, shown in Fig. 20, 
is made and filed after the last 
inspection and test have been 
made and the entire work BUREAU OF BUILDINGS 
embraced in the application POR OUGHIOR MANFIATEN 
has been found in accordance 
with the law. 


33. The final report of a 
plumbing inspector, while cer- | lation 
mryins tothe department that | ———————______ 
the work has been completed REFERRED TO 
according to the requirements | Inspector 
of the building code, cannot be | _____ ise = 
construed as a final acceptance 
of the work by an owner or 
as a certificate of acceptance 
from any architect. The 
plumbing inspector certifies 
only that the sanitary portion 
of the work is in accordance 
with the code, and not that 
workmanship and materials 
ace allethat the contract 
requires of the contractor. 

When work under a contract 
is completed, the contracting 
plumber should so notify the 
architect in writing and request 
an examination of the work 
and a certificate of acceptance. 


Pec DRE PVALIOR S.L ie 
(To be Filed as a Special Report) 


REPORTS OF INSPECTIONS 


Fic. 22 


84. Repair slips are forms given to plumbers to fill in and 
mail to the Plumbing Department for inspection of repair work, 
such as extending or renewing part or all of an old plumbing or 
drainage system. Fig. 21 is a form of such slip. 


OU 
ww) 
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35. <A plumber’s affidavit on repair slip may, or may 
not, be used for repair work. If the department desires a 
plumber's affidavit for repair work it can be printed on the back 
of the repair slip in a form similar to that filed with the applr- 
cation on new work. Usually, however, no affidavit is required. 


36. A report on repair slip by the inspector is very 
simply made by filling in a printed form on the back of the 
repair slip after the inspection has been made. A suitable 
form for this is given in Fig. 22. 


DUTIES OF PLUMBER 


REGISTRATION AND LICENSE 


37. Where the laws of a city or state require it, a con- 
tracting plumber, or master plumber, should pass an exami- 
nation before the Examining Board of Plumbers, secure a 
license, and register with the Plumbing Department his name, 
home address, and place of business. On registering his name 
and address, the department will issue to him a certificate of 
registration. 


38. Contracting plumbers are usually not permitted to 
open streets, make connections to street sewers, or tap water 
mains until they have secured from the proper authority, 
generally the Department of Highways, a yearly license to 
perform such services. As a condition precedent to issuing a 
license, the department in authority, in some cities, requires 
that the applicant furnish a suitable bond to indemnify them 
for any judgments rendered against the city for damages or 
injuries sustained due to opening or obstructing the street 
by the licensee. A bond for this purpose may be furnished 
either by friends of the plumber, or, as is more generally the 
case, by a surety company authorized to act in that capacity 
within the state. To act as bondsmen, individuals must be 
owners of real estate, the value of which is equal to at least 
twice the face value of the bond. 
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To secure a bond from a surety company, the plumber files 
with the company an application for a bond, stating the name of 
applicant, residence, place of business, amount of bond required, 
purpose of the bond, and giving the names and addresses of 
several references who can certify as to the responsibility of 
the applicant. If the references given prove satisfactory, on 
payment of a fee of about $10 per thousand, the bond will be 
executed. 


COMPLIANCE WITH RULES 


39. The bond required of a licensed plumber is generally 
a guarantee that he will comply with all rules and laws of the 
Building Department and the Board of Health. Should he 
not do so proceedings may be instituted against him to have 
his license revoked. , 

Before proceeding with the installation of new work or with 
alterations of old work, the contracting plumber should file, 
or cause to be filed, with the Department of Buildings, plans 
and a detailed description, or specifications, of the work to be 
installed, and, should procure the approval of the department 
before commencing operations. 


Ot 
Oe 


34 PLUMBING INSPECTION § 


INSPECTION OF OLD WORK 


INTRODUCTION 


COMPLAINTS AND REPORTS 


40. When a building is unsanitary, and the owner will 
not place it in a sanitary condition, the tenant may enter a 
complaint with the Board of Health, whose duty it then becomes 
to inspect the premises. The inspection of plumbing work in 
old buildings is beyond the authority of plumbing inspectors, 
unless alterations or repairs are being made to the drainage 
system; hence, when the plumbing work in an old building is 
believed to be in an unsanitary condition, complaints must 
be made to the Department of Health, which has full juris- 
diction in the matter. On receiving from a citizen a complaint, 
stating the cause for apprehension and the location of the 
premises complained of, the Department of Health will cause 
a sanitary survey of the premises to be made, and if the premises 
or plumbing system are found to be in an unsanitary condition, 
will require them to be put in order. 


41. It is of the utmost importance to the owner of a build- 
ing that he have his plumbing work examined by one who is 
neither prompted by fear nor actuated by the hope of gain 
in formulating his report. Unfortunately, some contractors 
when called on to test their own work will conceal defects, 
if any exist, for fear that admitting their existence would cause 
them to lose future work of the owners. A sanitary engineer, 
not being influenced by such motives, is free to ascertain the 
true state of affairs, and can report conditions just as he finds 
them, together with an unbiased recommendation of what should 
be done to put the premises in a sanitary condition. 
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42. Plumbing work in buildings should be annually tested 
and inspected by sanitary engineers or reputable plumbing 
contractors, and whatever defects are found in the plumbing 
systems should be repaired without delay. By thus annually 
examining and repairing a plumbing system it will be kept in 
good condition, and hence will never be a menace to the health 
of the inmates of the building. Furthermore, the cost for 
maintenance of plumbing work will not be so great when it is 
annually inspected as when no work is done toward discovering 
and repairing leaks until the entire system is out of repair. An 
examination of a plumbing system by a sanitary engineer should 
not be confined to the plumbing within a building, but should 
include a careful sanitary survey of the entire premises, with 
a view to ascertain: The source of water supply, and its 
proximity to cesspools, privies, or other possible sources of 
contamination; the method of sewage disposal and disposal of 
rain and surface waters; the drainave of stables and of the 
subsoil; the conditions of the cellar; the quantity of the water 
supply; damp, unventilated cellars; and everything else that 
might exert an unfavorable influence on the health of the 
inmates. 


COMMON DEFECTS OF OLD WORK 


43. Among the defects most commonly discovered in old 
plumbing systems may be mentioned: By-passes around fixture 
traps; fixtures that are double-trapped; vent pipes improperly 
connected to fixture traps; vent stacks connected to chimney 
flues or to ventilating shafts; safe or refrigerator waste pipes 
connected to the drainage system; traps placed at the foot of 
soil or waste stacks; fixtures that are not trapped; traps that 
are not vented; tile house drains with leaky joints; unventilated 
soil stacks and waste stacks; insufficiently supported house 
drains, stacks, and branches; no fresh-air inlet; no main drain 
trap; saddle hub connections to soil and waste pipes; leaky 
joints in soil pipes, and waste and vent pipes; inaccessible 
drain traps; T-branch connections to soil and waste pipes; rain 
leaders used for soil or waste pipes; vent outlets opening near 
windows, doors, or other openings to a building; cowls or caps 
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- attached to vent outlets above the roof; boiler blow-off connected 
to the drainage system on the house side of the main drain 
trap; and, the blow-off pipe from high-pressure boilers connected 
to the drainage system without first passing the water through a 
cooling tank. 


INSPECTION OF PLUMBING SYSTEM 


INSPECTION OF ABOVE-GROUND SYSTEM 


44, General Procedure.—The sanitary engineer should 
carefully examine the plumbing system within the building to 
see that a sufficient supply of water is obtainable at all the 
fixtures; that the house tank is protected from dust and vermin 
and that it is kept clean; and that all pipes in cold places are 
properly protected from frost. He should further see that all 
lines of pipes are well supported; that the waterback is properly 
connected to the range boiler; that the waterback is not partly 
choked with deposits of lime; and that there are no pounding 
or humming noises in the supply pipes when faucets are opened. 
As a sanitary engineer’s examination of a plumbing system 
progresses, he should make note of the location and nature of 
defects discovered, so that a description of them can be embodied 
in his report to the owner, together with recommendations for 
their repair. 


45. Smoke Test.—When a sanitary engineer has a smoke 
test applied to a drainage system, he should see that no undue 
preparation of the system has been made for the test. The 
system having been in daily use, all fixture traps and drain 
traps, if properly installed, should be sealed with water; if 
they are not sealed, that fact should be ascertained and the 
cause discovered. If care were taken to seal the traps before 
applying a test, the fact that the traps were not sealed under 
ordinary conditions would not be discovered. 

If, while the smoke test is applied, a drainage system leaks 
so badly that pressure cannot be maintained, temporary repairs 
should be made, so that sufficient pressure can be pumped up 
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to develop most of the leaks. This can be done in nearly all 
cases by closing the large leaks with putty or clay; if this is 
done the location of each large leak should be noted in writing, 
since otherwise one or more of these large leaks may be for- 
gotten when permanent repairs are made. 

When the pressure in a drainage system supports the smoke- 
machine float or water-column gauge for 5 minutes, the system 
may be considered tight and the test discontinued; up to that 
time search should be continued for the leak or leaks that caused 
the float or water column in the gauge to fall. These leaks 
are sometimes so small as to be almost beyond detection; they 
may be merely a sponginess in the iron, or very slight leaks in 
the calked joints of the soil pipe through which smoke oozes so 
slowly as to be almost invisible. 


INSPECTION OF UNDERGROUND SYSTEM 


46. Locating Cesspool.—Leaching cesspools are some- 
times capped with a flat stone and covered with earth to the 
level of the surrounding ground. After many years, the loca- 
cation of such cesspools may be forgotten, and before a sanitary 
" engineer can examine their condition he must first find their 
location. To locate a covered cesspool, the engineer would 
naturally look first in that part of the premises where, from the 
contour of the ground and general surface indications, his 
judgment tells him he would be likely to place it. Having 
judged the approximate location of the cesspool, he should then 
carefully examine the surface of the ground in that locality, 
keeping a sharp lookout for mounds of earth, overflow pipes, 
vent pipes, or anything else connected with a cesspool that 
would show to him its exact location. If there are no surface 
indications of the location of a cesspool, he should judge the 
approximate location, and then with the aid of an iron bar 
sound the locality for the stone cover. If the cover is not too 
far below the surface of the ground, its exact location can be 
determined by a hollow sound when the iron bar strikes it. 

When all other means of locating a cesspool fail, its location 
can be determined by means of a smoke test, provided that the 
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main drain trap is not located near the cesspool. The smoke 
test may be applied to any part of the house sewer outside of 
the main drain trap, and in a few minutes thereafter smoke 
will be seen rising from the earth above the cesspool. 


47. Locating Underground Trap.—Drain traps are not 
always made accessible, and sometimes their exact location is 
unknown. Usually, however, the approximate location of 
underground traps can be determined from the location and 
direction of the fresh-air inlet. When the drainage system is 
not provided with a fresh-air inlet, a more difficult problem 
confronts the sanitary engineer, who then has no visible signs 
to guide him in his search. 

If the main drain trap is not located inside of the cellar wall, 
it would next be assumed that it was located in the house 
sewer just outside of the foundation wall, and a trench should 
be opened down to the house sewer at this point. If the main 
drain trap is not located there, it may then be assumed to be 
near the cesspool, which should be located, and by digging 
down to the sewer on the house side of the cesspool, the main 
drain trap will doubtless be found. Frequently it can be located 
by running rods through the drain until they reach the trap 


48. Locating Unsealed Dead Ends, and Dummy 
Vents.—In many old buildings, fixtures have been removed 
and the unused waste and vent pipes left in place. Some- 
times through carelessness or neglect the ends of these unused 
pipes are left open, or if of lead, are only partly closed by 
beating the ends together, or if of iron, by filling the hubs with 
putty, cement, or wooden plugs. In new buildings, soil, waste, 
and vent stacks have been found extended only to the topmost 
fixtures, where they were plugged and dummy vents extended 
through the roof to give the appearance that all lines of soil 
and waste pipe are vented. It is the business of a sanitary 
engineer when examining plumbing systems to discover these 
defects and report them to the owner. 


49. Both unsealed dead ends and dummy vents can be 
discovered by means of the smoke test. When a smoke test 
is applied to a drainage system, and no smoke issues from 
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the vent stacks above the roof, it is a very good indication 
that the vent stacks are not connected to the system; in other 
words, they are what are known to the trade as dummy vents. 
Whether or not a suspected vent pipe is a dummy can be 
detected by dropping a pebble down the vent pipe and noting 
the sound, and also by reflecting sunlight by means of a mirror 
into the vent pipe and noting where the pipe terminates. If 
both of these means fail to convince the examining engineer, 
the alternative is to tear off some lath and plaster where the 
pipes are concealed in the attic and thus ascertain their exact 
condition. If concealed dead ends of pipe are unsealed, this 
condition will be evidenced by smoke escaping from the unsealed 
ends and working into rooms when the smoke test is applied. 


50. Leaks Under Cellar Floors.—In old buildings where 
tile house drains have been installed in the ordinary manner, it 
is quite certain that many of the joints leak; as this leakage 
has doubtless been taking place for many years, it is quite 
probable that the soil under the entire cellar floor is saturated 
with sewage. The existence of this state of affairs must be 
ascertained, and a remedy pointed out, by the sanitary engineer. 
Usually, where the tile house drains leak, that fact is perceptible 
to the sense of smell, a musty odor pervading the cellar when 
the windows are closed. If doubt exists, however, a smoke 
test applied to the house drain will demonstrate the existence 
and location of such leak. When it is known that tile drains 
run under cellar floors, they should be condemned whether leaks 
can be demonstrated or not; for, while they might apparently 
be tight at that particular time they may develop leaks at 
some future time, and sewer gas escaping therefrom would 
vitiate the cellar air. Cellar floors, unless made of asphalt, 
do not offer a seal to the passage of sewer gases. 


51. If underground drains are laid with leaky joints, the 
sewage escaping therefrom for a considerable period of time 
will saturate the soil for many yards on all sides of the drain. 
This leakage is more serious in its effect than would at first 
appear, for part of the escaping sewage may be carried by 
the ground water to nearby wells or other sources of water 
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supply, while the gases of decomposition arising from the 
polluted soit might contaminate the air in the vicinity of the 
building. When the surface of the ground above leaky drains 
is frozen, or when paved with materials that are impervious 
to air, the gases of decomposition escaping from the leaks 
follow the path of least resistance, which is usually along the 
pipe trunk into the cellar of the building. If the leak is near 
the cellar wall but outside of it, the sewage frequently works 
back under the drain and flows into the cellar through the hole 
in the cellar wall. 

In city streets, sewer gas from street sewers, and illuminating 
gas from street mains, sometimes escape, and, as the surfaces 
of many streets are paved with impervious materials through 
which the escaping gases cannot pass, the gases frequently 
flow into the cellars of buildings through pipe openings in the 
foundation walls, where they mix with and vitiate the cellar 
air. In tall buildings with light shafts and air-shafts extending 
from basement to roof, or with open stair and elevator shafts, 
these shafts act like chimney flues, and draw the sewer gas and 
illuminating gas into the building in large quantities. Even 
the ordinary two- or three-story buildings will draw gases in 
from under the street, but in such buildings the odors are not 
so noticeable except during winter. ‘To remedy such cases, it 
is necessary to cement all holes and cracks in the cellar walls 
and floors, and, if possible, to ventilate the cellar. The air in 
bedrooms is frequently vitiated by the introduction of air from 
cellars. The cellar air passes through hollow partitions, follows 
pipe lines, or escapes up the stairway to the bedrooms above. 
This is more likely to happen when the air in the cellar is 
vitiated by illuminating gas, the specific gravity of which is 
about one-half of that of the air. This tendency of cellar air 
to vitiate the air in a building can be observed by sprinkling 
oil of peppermint in the cellar and noting how quickly the odor 
will be observed in most of the rooms in the building. Since 
impure cellar air will vitiate the air of an entire building, it 
is the duty of a sanitary engineer, when making a sanitary 
survey of a building, to examine the cellar carefully, giving 
especial attention to the cellar walls and floors. 
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SAMPLE REPORT OF SANITARY ENGINEER 


52. The following sample report of a sanitary engineer will 
serve to guide other sanitary engineers or master plumbers in 
preparing a report to an owner: 


Mopet City, Pa., December 18, 19 
JouN H. Burns, Eso., 
314 West St., 
Model City, Pa. 

Dear Sir:—I hereby report that, at your request, I have this day made 
a sanitary inspection and test of the four-story brick residence, outbuild- 
ings, and premises located at No. 314 West Street, this city, and beg to 
state that I found the premises to be in a sanitary condition, with the 
following exceptions, which are accompanied by recommendations for 
repairs and improvements: 

1. The garbage cans are at present located under the dining-room 
windows. They emit foul odors and draw flies; they should be removed 
to rear of lot. These cans should be washed out and disinfected once each 
week with a solution of one tablespoonful of carbolic acid to one pail 
of water. 

2. The back yard grades down to the rear foundation wall of the 
residence, and hence storm water enters the cellar. The ground should 
be filled im around the foundation walls and graded back 10 feet from the 
building. Place a 4-inch drain, and a catch basin at the lowest point to 
remove the surface water. 

3. The manure pit at the stables is open, emits disagreeable odors, 
and draws flies. This pit should be closed by an air-tight hinged cover in 
two halves, and should be provided with a galvanized chute to stable. 

4. The stable is so constructed that the horses have no ventilation. 
The air cannot be changed except by a window that, if opened, will allow 
a draft on the horses. A No. 26 galvanized-iron flue measuring 1 foot 
by 2 feet should be run from the ceiling of the stable up through the roof, 
and should be provided with a damper and operating chain, and a cowl. 
A corresponding flue measuring 2 feet by 1 foot should be installed near 
the feed-chutes, the upper end terminating with a register 5 feet above 
the floor, the lower end being continued to the outer air. This will properly 
ventilate the stable. 

5. There are traces of backwater marks on the cellar walls, which lead 
me to believe that water from the city sewers backs up into the cellar during 
heavy rainstorms. This belief is corroborated by your butler, who states 
that he saw water boiling up through a grating in the cellar floor during 
the heavy rainfall of June 28th, and some of the other servants have 
observed the same results during other heavy rainfalls. This is due to the 
city sewer in West Street being unable to remove the storm water quick 
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enough to prevent a back pressure in your private sewer. As the back- 
water contains more or less sewage, it is positively dangerous to have it 
contaminate the cellar. A sewer check-valve should be applied at the floor 
drain; another should be applied to the laundry tubs in the cellar, and 
the water closet in the cellar should be removed and the opening closed. 

6. A vent pipe on top of the building at No. 312 West Street discharges 
foul air directly under and within 5 feet of the nursery window on the 
third floor. As this is amenace to health, the owner of said building should 
be notified of same, so that he may at his own expense and in accordance 
with the building laws of this city, run the said vent pipe up against your 
wall and terminate above your roof, or otherwise remove the vent. 

7. The rainwater leader from the rear porch is not trapped; during 
the test smoke came out at the roof and entered the rear bedroom window. 
Sewer gas can enter as freely as the smoke; therefore, this leader should be 
trapped. 

8. Smoke entered the cellar freely through the floor drain. The water 
seal was evaporated. This seal can be assured and the present trap made 
safe by running a }-inch tube from the flush pipe of the nearest water 
closet to the floor-drain trap. 

9. Smoke escaped into the siphon jet water-closet bowl in the toilet 
room on the second floor. There is a kiln crack at the top of the siphon 
that cannot be seen. It cannot be repaired; therefore, a new water closet 
should be installed in its place. 

10. The connection of the basin waste to the bath waste on the third 
floor is defective, inasmuch as sewer gas is forced into the room through 
the bathtub when the basin is filled with water and emptied quickly. To 
remedy this, it is necessary to lift part of the bathroom floor, and make 
a new connection between the basin waste and the bath waste, which 
connection should be in the form of a Y. It is also necessary to connect 
the crown of the bath trap with a 1}-inch back-vent pipe to the back-vent 
pipe from the basin. This will entail cutting into the partition back of 
the wash basin. 

11. The water pressure on the premises varies from 60 pounds during 
the day to 125 pounds per square inch during the night, and as the ball 
cocks of the closet tanks make disagreeable singing noises during the night 
I recommend that a ‘‘ Jones improved’’ pressure regulator be applied on 
the service pipe and set to reduce the pressure to 40 pounds in the cellar, 
a safety valve being placed on the hot-water pipe over the boiler and set to 
blow off into the sink at a pressure of 50 pounds per square inch. 

12. There are seven leaks in the drainage and vent pipes, as follows: 
One at the floor joint of the water closet on the third floor—to remedy 
this the closet will have to be reset; four at the calked joints where marked 
with white chalk in basement—these should be calked rigid; one under 
the roof flange of the 3-inch vent stack—to repair this remove the flange, 
recalk the joint, and then replace roof flange; one in the kitchen-sink iron 
waste pipe, where a hole has been cut to remove stoppage in the pipe and 
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has been covered over with putty—to remedy this, cut out the piece and 
insert a clean-out fitting with screw cap. 

The cost of making the above enumerated repairs and improvements 
is approximately Three Hundred and Seventy Dollars ($370), inclusive 
of all trades. Respectfully submitted, 

JOHN SmiTH, Sanitary Engineer 

The preceding report is a simple one for a building where 
but little work is required to put it in a sanitary condition. 
In such a case it is usually advisable to give the work to a 
reputable plumber on a time-and-material basis. But, in cases 
where the changes and improvements are numerous and exten- 
sive, the cost will be sufficiently high to justify the engineer in 
making plans and specifications and in obtaining bids from 
plumbing contractors, should the owner decide to remodel the 
work in accordance with the engineer’s report. 


53. When the engineer sees that the building cannot be 
made thoroughly sanitary without a complete overhauling of the 
plumbing system, he should try to have the owner witness 
the test and see for himself how the sewer gas can permeate 
the building. Then the report should be submitted, enumera- 
ting the defects in a general way and ending with a recommen- 
dation regarding the improvements. In the recommendation 
the approximate cost should be stated, and it may be suggested 
that plans and specifications be made and bids solicited. An 
arrangement should be made whereby the sanitary engineer 
will be employed to prepare the plans and specifications, receive 
bids and close the contract, superintend the overhauling, test 
the work when finished, and finally accept the job and turn it 
over to the owner. The sanitary engineer in this respect is 
the duly authorized agent of the owner, and must be respected 
as such. 


54. Should a master plumber be called in by an owner to 
make a sanitary inspection and test, he may perform his duties 
along the lines of the sanitary engineer. Indeed, he then 
becomes the sanitary engineer and must attend to the interests 
of the owner, who has thus placed confidence in his ability and 
integrity to intelligently determine and honestly report the 
exact condition of the premises from a sanitary point of view. 
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The master plumber can make arrangements with the owner 
to prepare plans and specifications and the owner may use 
them for obtaining competitive bids for the work, but the 
master plumber who furnishes the plans and specifications 
should be remunerated for same, whether he is awarded the 
contract or not. Should the contract be awarded to another 
bidder, then the master plumber who has prepared the plans 
and specifications may be asked to inspect the work on com- 
pletion to see if it is installed according to his plans and speci- 
fications, and should witness the final test. If the building is 
located within the jurisdiction of a city plumbing inspector, 
the owner may relieve the master plumber who prepared the 
plans from inspecting and testing the work, as the city plumbing 
inspector is expected to attend to this. Should, however, the 
services of the master plumber who prepared the plans be 
retained to inspect and to test the premises upon completion 
of the work, he must be very careful to make a just and honor- 
able inspection and test. He must realize that, as far as this 
particular job is concerned, he is not a contractor, but is a 
sanitary engineer who has assumed the responsibility of design- 
ing a plumbing system and superintending its construction to 
a finish, and is being paid for his learning and ability along 
this line. Many plumbing contractors are entrusted with this 
class of work. For instance, a city gentleman is building a 
country house a long distance from his city home. He has 
confidence in the ability of the plumbers who do business in 
the village near his country estate to erect a good plumbing 
system according to plans and specifications, but he cannot 
depend on their ability to design the right kind of a system. 
He, therefore, employs his city plumber to make plans and 
specifications for the plumbing and drainage work, and inci- 
dentally asks him to present a bid for the work. Usually the 
bid of the city plumber is very much higher than the bid of the 
local plumber, and the latter is awarded the contract, while 
the city plumber is asked to inspect and to test the work on 
completion, and receives pay for this. 


PLUMBING PLANS AND 
SPECIFICATIONS 


PLANS AND ESTIMATES 


PLANS 


PREPARATION OF PLANS 


1. Building plans on which are marked the work to be 
performed by the plumbing contractor are called plumbing 
plans; to an estimator they are provided to guide him in 
computing the cost of installing the plumbing system. 
When plans are properly drawn, the estimator can readily 
distinguish and count the fixtures and other apparatus to ‘be 
instailed. Also, by measuring the piping drawn or indicated 
on the plans, he can arrive at a close approximation of the 
amount of pipe of various sizes and the number and kind of 
fittings that will be required. After the contract is awarded, 
the plans serve as a guide to the contractor when installing 
the work and insure a better job than would likely be the 
case if the layout of the system were left entirely to the con- 
tractor. In addition to serving as a guide for the estimator 
and contractor, the plans form part of the plumbing contract 
and, as such, should clearly show, or indicate, the entire 
system of plumbing within the building; for, in case of a 
dispute as to the amount of work to be performed, the 
deciding factor will undoubtedly be the plans; because, while 
the specifications and plans are generally construed together, 
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the specifications only describe the quality of the goods to be 
used while the plans show the quantity, extent, and layout of 
the work. 


2. Plumbing plans are generally prepared, either directly 
or indirectly, by the architect. In large cities, a sanitary 
engineer employed by the architect usually prepares the 
plumbing plans and specifications and superintends the 
installation. Some architects, however, instead of employ- 
ing a sanitary engineer, retain a consulting sanitary engineer 
to prepare the plans and specifications for plumbing installa- 
tion, which requires special knowledge of sanitation. Either 
method will insure the owner a perfectly sanitary job, well 
and economically laid out, and will secure the competition of 
reliable plumbing contractors, who, while possessing the 
capital, might not have the requisite ability to properly 
design a large plumbing installation and write the specifica- 
tions. Architects in smaller cities, and some architects in 
large cities, do not employ or retain a sanitary engineer but 
depend on what suggestions they can get from contracting 
plumbers to help them lay out the plumbing work. Such a 
course of procedure is unsatisfactory for many reasons. It 
places the architect under an indebtedness to the contractor, 
who, unless paid for his services, will expect a preference in 
the bidding. It is unfair to the owner who thus indirectly 
pays more for unprofessional services than would be required 
to fee a sanitary engineer, without the assurance of an 
equally good job. To the contracting plumber this method 
is unsatisfactory, because he risks his standing as a con- 
tractor when he undertakes the duties of an engineer and 
fails; for, no matter how honest and sincere he may be, he 
might not possess sufficient technical knowledge to design 
a plumbing system satisfactorily. 


SAMPLE PLANS 
3. In Figs. 1 to 5 are reproduced, to a small scale 
the plumbing plans for a large detached residence. Fig. 1 
shows, in plan, the basement of the house and the general 
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arrangement of drain pipes and basement fixtures. There are 
twenty plumbing fixtures in this building, and under ordinary 
conditions, a 4-inch main house drain would be sufficiently 
large to take care of the sewage properly. However, in 
addition to sewage, this drain must take care of rain water 
from the roof, so that up to the point where the first two 
principal branches are taken off, the house drain is made 
5 inches in diameter. 


4. On the first-floor plan, Fig. 2, are shown the rising 
lines of soil, waste, and vent pipes run in partitions. The 
stacks are indicated by small circles, and their sizes are 
printed alongside. For convenience in reference, the stacks 
are lettered consecutively from A to &. Stack 4 is a 2-inch 
waste pipe from the kitchen sink; from this stack, above 
the level of the sink, a vent pipe is extended to the cellar to 
back-vent the laundry tubs, and a branch from this vent is 
connected to the kitchen-sink trap. Stack #& takes the dis- 
charge from fixtures on three floors: the servants’ water 
closet and drip sink in the basement, the butler’s sink on 
the first floor, and the servants’ bathroom on the third floor. 
A vent stack accompanies this soil stack and is connected to 
it above the highest fixture in the bathroom and below the 
branch vent to the servants’ closet in basement. ‘This vent 
stack serves as a back-vent for the several fixtures on the 
three floors. Stack Cis from the bathroom over the kitchen 
and the slop sink in the adjoining room on the second floor; 
as it takes the discharge from a water closet, this soil stack 
is made 4 inches in diameter. Stack D takes the discharge 
from a water closet and lavatory located under the stairway 
on the first floor. As this stack receives the discharge from 
a water closet it, likewise, is made 4 inches in diameter. 
Stack E is 4 inches in diameter. It takes the discharge 
from the bathroom over the dining room and from a lavatory 
in the adjoining chamber. 


5. The second-floor plan is shown in Fig. 3. In this 
plan are shown continuations of the soil, waste, and vent 
stacks, and the general arrangement of the fixtures in the 
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bathroom; there is also indicated the layout of the soil, 
waste, and vent pipes to the different fixtures. 


6. The third-floor plan is shown in Fig. 4. On this plan 
are indicated the various vent stacks, the arrangement of 
fixtures in the servants’ bathroom, and the layout of soil, 
waste, and vent pipes for the fixtures. 


JT. <A sectional elevation of the building, showing the 
plumbing system, is given in Fig.5. The house drain, soil, 
and waste stacks, also the soil and waste pipes, are indicated 
by heavy solid lines, while the vent stacks and branch vent 
pipes, are indicated by dotted lines. 


ESTIMATES 


PRINCIPLES OF ESTIMATING 


8. Introduction.—The art of estimating is very impor- 
tant both to the architect and to the contractor—to the latter, 
in that he must employ some systematic method of estima- 
ting in order to carry on his business successfully; and to 
the former for the reason that he should at all times be able 
to estimate the cost of work that he designs. The science— 
for such it is—of fixing a price on a piece of work must be 
based on an extended experience. With a little practice any. 
one can learn to take off the quantities of materials and 
obtain their net cost, but only a person of large and varied 
knowledge of the business can accurately estimate the time 
and labor required to complete the work. 


9. There are no standard or definite rules on estimating 
that hold good everywhere, for the plumbers of each locality 
have their own ideas and customs in regard to the subject; 
this fact, together with the difference in cost of labor in 
various parts of the country and the fluctuations in the market 
prices of materials, requires, as before remarked, that the 
clever estimator shall be a man of long and varied experience 
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in the business. There are, however, certain practical sug- 
gestions that will materially assist in taking off quantities, 
and in valuing the labor required for any plumbing contract. 
These will be given farther on. 


10. The prime considerations in making an estimate are 
time and accuracy; to these ends the estimator must system- 
atize his efforts and endeavor to do a maximum amount of 
work in a minimum amount of time, but not at the expense 
of accuracy, which is the most important factor, and which is 
insured only when the figures are carefully checked. The 
estimator should, therefore, while avoiding too great refine- 
ments in calculation, aim at correctness rather than speed in 
doing work. Very frequently do the effects of haste and 
inaccuracy in estimating the cost of work become evident 
when it is too late to remedy the errors, which result some- 
times in the financial ruin of the contractors who trust too 
implicitly in the estimator’s figures. 

A record should be kept of all estimates made, as this kind 
of information is most valuable, and establishes a precedent 
on which to base subsequent estimates, as well as a check on 
the work at hand. 


11. Schedule.—The drawings and specifications for an 
installation are the guides that an estimator must follow in 
making his computations. All measurements necessary 
for calculating the quantity of the materials required are 
obtained from the drawings; and all information in regard 
to the character of the workmanship and guality of materials 
to be used is furnished by the specifications. 

In compiling a schedule, there are three stages to the 
operation: (1) Taking the dimensions for each material; 
(2) computing and collecting the quantities; (3) estimating 
the cost. In carrying out the first of these steps, each sub- 
division shouid be considered in the order in which it will be 
executed. 

The third step—estimating the cost—may be subdivided 
into cost of labor’and cost of material. The latter can be 
definitely fixed by an examination of lists giving current 
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prices of materials, while the former must be based on a 
fixed rate of wages per day for the various classes of 
workmen. 


12. In estimating the cost of plumbing work, the possi- 
bility of overlooking important items can be reduced to a 
minimum by providing a schedule of materials such as might 
be used in the installation of all classes of plumbing work, 
and using that schedule to check the list of materials taken 
from a plan. A convenient form of schedule or blank for 
estimating is given on the opposite page. 


18. Taking-Off Quantities. — Plumbing work and 
materials may be estimated as outlined in the following 
paragraphs: 

Measure all horizontal pipes from the plans and vertical 
pipes from the sectional elevations. 

Commence at the sewer outlet, and measure the main 
sewer line forwards to the building, and then measure the 
horizontal branches. 

, Measure the vertical soil, waste, and vent stacks to their 
terminations above the roof, and the waste-pipe branches to 
the fixtures on the several floors. 

Itemize the several pipes in the different kinds and classes. 

Estimate all earthen pipe by the lineal foot and allow for 
Portland cement in the joints. 

Estimate all trenching by the lineal foot, allowing for the 
depth of the trench, nature of the soil or rock to be cut 
through, and interference from water or other causes. 

Estimate all digging for sewage disposal beds by the 
cubic yard. 

Estimate all cast-iron pipe by the lineal foot, allowing 
for each joint ~ pound of lead for each inch in diameter 
of the pipe. 

Estimate wrought-iron pipe by the lineal foot, inclusive 
of couplings. 

Estimate brass, copper, and lead pipe by the pound. 

Estimate all traps, bends, branches, increasers, reducers, 
and other fittings separately, except such special brass 
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Estimate No.—____ 


Location 
For 
Architects 
Date 19. 
Estimated Actual 
Cost Cost 
Bathtubs 


Bathtub trimmings 


Lavatories 


Lavatory trimmings 


Closets 


Closet trimmings 


Urinals 


Urinal trimmings 


Sinks 


Sink trimmings 


Laundry tubs 


Range boiler 


Boiler fittings 


Soil pipe 


Soil-pipe fittings 


Sewer pipe 


Sewer-pipe fittings 


Wrought-iron pipe (galvanized) 


Malleable-iron fittings (beaded and galvanized) 


Lead pipe 


Lead goods—ferrules, sheet lead, etc. 


Pig Lead 


Oakum and putty 


Solder 


Brass goods (solder nipples, clean-outs) 


Valves 


Stop-and-waste and stop-cocks 


Bibbs 


Nickei-plated bibbs 


Rubber goods 


Labor 


Board 


Fare 


Freight and cartage 


Incidentals 


Inspection 
aa i Extras Net cost 
fs Profit 
Estimate 
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fixtures, traps, and connections as are included in the cost 
of the fixtures. Do not figure lead bends that are smaller 
than 2 inches in diameter. 

Estimate on brass-ferrule connections at all points where 
lead pipe joins cast-iron pipe. 

Estimate on all solder joints (wiped), allowing 1 pound 
of solder for every inch inside diameter of the pipe. 

For street supply, allow for permits, corporation tapping, 
and curb box. 

Measure the service pipe from street main to cellar and 
allow for a stop-and-waste cock inside the cellar wall. 

Measure all branches for the several fixtures on the differ- 
ent floors, to the lawn hydrants, etc. 

Itemize separately all stop-cocks, pipe tacks, straps, 
hangers, etc. 

Estimate, by the pound, all water-pipe fittings less than 
1 inches in diameter. 

Estimate on a kitchen boiler, sediment cock, and range 
connections; and also faucets for all fixtures other than 
those that are included in the costs of the fixtures. 

Estimate on garden hydrants and lawn sprinklers, and 
allow a stop-and-waste cock in the cellar for each. 

Measure lead tank linings, in square feet, and estimate by 
the pound, allowing 1 pound of solder for every 2 feet of 
seams. 

Allow 2 feet of lead pipe to connect iron pipe to the house 
tank, and for stop-cocks close to tank. Provide for telltale 
and overflow pipes for the tank. Estimate copper lining for 
tanks in square feet and by the pound, allowing 1 pound for 
each square foot. : 

If there are iron, slate, glass, or cedar tanks, figure them 
separately. 

Estimate each fixture separately, and include traps, 
faucets, waste, vent, and water connections to walls or floors. 
When the sewer is long and has but little fall, figure on 
using a grease trap for the kitchen sink. Estimate the 
labor by allowing for each item of work a sufficient length of 
time for an ordinary workman to perform the work. This 


§54 PLUMBING PLANS AND SPECIFICATIONS ") 


can best be done by estimating separately the labor for 
the drainage system, water-supply system, and setting of 
fixtures. 


PROPOSALS 


14. When the total net cost of a proposed installation 
has been ascertained, the profit is added and the price for which 
the contractor is willing to do the work thus determined. A 
formal proposal to do the work for that amount should be sub- 
mitted to the owner or architect. If the terms of payment 
and general conditions to be observed are stated in the speci- 
fications, the proposal, known also as the bid, may be worded 
something like the following: 

New York City, September 16, 1916. 
To GrorceE B. Hi, 
1492 Columbus Avenue, 
New York City. 

Dear Sir:—We propose to furnish all materials and perform all labor, 
according to the plans and specifications dated August 18, 1916, for the 
plumbing in the residence you are about to erect at 231 Jefferson Street, 
this city, for the sum of three thousand two hundred and fifty-six dollars 
($3,256). This offer is for immediate acceptance only. 

Respectfully submitted, 
2 GROVE & Sons. 

When the specifications are not full and complete, or are not 
satisfactory to the contractor, and he desires to enter into a 
formal contract with the owner, he should insert in his proposal 
a clause something like the following: ‘‘In case of acceptance 
of this proposal, a formal contract to be entered into.” An 
acceptance of the proposal then is not binding on the proposer 
until a formal contract is signed. 


15. A complete record should be kept of every estimate 
submitted, and the proposal should be followed up by. the 
estimator until the contract is finally awarded. The record 
should state the amount of the proposal, to whom submitted, 
and the date. It should state the date, hour, and place of the 
award, and if the award is not made at the time and place 
agreed on, the date and place to which it is postponed should 
be recorded. Finally, when the contract is let, the name of 

64—39 
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the party to whom it is awarded, the amount of the winning 
bid, together with a record of all competing proposals should 
be entered on the back of the detailed estimate, and the entries 
may be made similar to the following: 


RECORD OF ESTIMATE 
For Submitted to Date 


Contract to be awarded 
Award postponed to 


Name of Estimator Amount of Estimates 
Grove GASOnssiasa ats coe ne 3,256 Awarded contract 
Siait by Ka ROOS see erelie sie dent eee rte 3,420 
Gritfeth &iCotmect-nut eer) see es 3,210 
Ie wiSOneD rOSwrm sesree macheee etna 2,866 Lowest bidders 
Remarks: 
SPECIFICATIONS 


SPECIFICATIONS FOR RESIDENCE PLUMBING 


PURPOSE AND REQUIREMENTS 


16. Plumbing specifications are written descriptions 
of materials to be supplied and work to be performed in install- 
ing a plumbing system. In the preparation of plumbing plans, 
the general layout of the system and the location and char- 
acter of fixtures and apparatus can only be indicated; hence, 
to clearly define the grade and finish of goods, and describe 
details that are not shown or indicated on the plans, requires 
a written description embodying all necessary information. 
To serve the purpose for which they are intended, specifications 
must be full and complete in all details, leaving nothing to 
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be assumed that can and should be described or explained. 
Each and every clause in plumbing specifications should be 
so clearly worded that a person having a reasonable knowledge 
of plumbing can construe it in only one way. Ambiguity in 
specifications of any kind is to be avoided, as it leads to 
misunderstandings and consequent delays, and frequently 
lawsuits. 

A careful study and critical examination of the plaus and 
specifications here presented is advised. These plans and speci- 
fications have been selected because they have been actually used, 
and the work done according to them is in successful operatign. 


SPECIFICATIONS 


17. In the following specifications are described, in detail, 
the various conditions to be observed, the class of fixtures to 
be installed, and the extent of work to be performed, when 
installing the plumbing indicated on the plans represented by 
Figs. 1 to 5. 


Specifications of materials and workmanship relative to the 
plumbing for a residence proposed to be erected on Clay Avenue near 
Gibson Street, Flatbush, Pa., for J. R. Retsof, Esq., of said city, in accord- 
ance with drawings and specifications prepared for the same by John 
Scott, architect and Jos. Hawley, sanitary engineer. Flatbush, Pa., 
June 30, 1916. 


GENERAL 


Duties of Contractor.—The contractor will be required to 
give his personal superintendence to the work, furnish all materials and 
transportation of same, and all implements and appliances necessary to 
duly complete the work specified and in accordance with a fair and reason- 
able interpretation of the drawings and specifications combined. He shall 
procure and pay for all permits and licenses required for the fulfilment 
of his contract, in accordance with the laws, rules, regulations, and ordi- 
nances of the city of Flatbush, and he shall perform all his operations so 
as to conform to the existing plumbing rules and regulations. 

Supervision.—The work wiil be under the general supervision 
of the architect and sanitary engineer, whose decision as to the true 
meaning and intent of the drawings and specifications will be final 
and conclusive. The architect or his engineer will have the power to 
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inspect the work at any time and reject any materials or work unsuit- 
able or not in accordance with the drawings and specifications, and to 
cause their removal from the premises without delay at the expense of the 
contractor should he refuse to remove the same immediately. 

Drawings.—The plumbing drawings consist of the following sheets:* 
No. 1, plan of the plumbing in the cellar and underground drainage; No. 2, 
plan of the plumbing on the first floor; No. 3, plan of plumbing on second 
floor; No. 4, plan of plumbing on third floor; No. 5, elevation of the plumb- 
ing system. All necessary general and detailed drawings will be furnished 
and the work must be done in strict accordance therewith. 

Gas Supply, Water Supply, Drainage Disposal.—The 
gas supply will be taken from a 4-inch gas main in Clay Avenue. The 
water supply will be taken from a 4-inch water main, also in Clay Avenue. 
The drainage will discharge into a 12-inch sewer in Costello Court. 


PLUMBING FIXTURES 


Servants’ Closet.—Furnish and fit up complete where shown in 
the basement one plain, substantial, siphon-jet closet with strong oak 
seat hinged to the bowl, and strong, durable, low tank lined with 16-ounce 
copper and fitted with strong approved high-pressure ball-cock, and a 
nickel-plated brass supply pipe with stop valve; or, furnish the closet with 
a Clow oil-controlled flushometer valve as directed, the supply pipe to be 
of galvanized iron. 

Safe-Waste Sink.—Furnish and fit up complete where shown 
in the cellar one 20’’X14’""X6” plain cast-iron safe-waste sink supported 
on cast-iron legs and wasted through a 14-inch cast-iron trap and pipe 
to the floor. Back-vent this trap with galvanized-iron pipe. Supply 
water to this sink through a }-inch finished brass compression and hose 
bib with stuffingbox. 

Laundry Tubs.—Furnish and fit up complete where shown in 
basement one set of three Mott’s Colonial wash tubs of best quality solid 
earthenware glazed natural yellow, free from cracks and flaws of any 
description, Plate 908 R. Tubs are to be fitted with a suitable strong ash 
frame and attachments are to be provided for a wringer; the tub cocks 
are to be placed over the tubs. Waste the tubs through a 2-inch brass 
waste pipe and trap into the base of a 2-inch vent line, and supply the tubs 
with hot and cold water through ?-inch brass pipes and nickel-plated 
flanged Fuller cocks; the standards for the tubs are to be strong, heavy 
bronzed cast iron, and the tubs are to be rigidly attached to the walls. 

Butler’s Pantry Sink.—Furnish and fit up where shown in 
butler’s pantry one strong copper-lined tinned square pattern butler’s 
pantry sink, with rounded corners and flat bottom, with substantial 
wooden casing, the copper to be at least 16 ounce. Waste this sink through 
a 13-inch nickel-plated brass trap, properly back-vented. Supply the 


*The drawings referred to as No. 1, No. 2, etc. are represented by Figs. 1, 2, etc., 
respectively. i 
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sink with hot and cold water through a suitable nickel-plated brass double 
pantry cock with china index handles and 3-inch nickel-plated brass supply 
pipes to floor; the sink to be recessed at one end and provided with a stand- 
ing waste and overflow with China index handle. 

The drain board and woodwork around the sink to a height of 12 inches 
is to be neatly covered with pure block tin jy inch thick, and neatly worked 
in place so that the nails will not be visible. The block-tin work must be 
done very neatly; it must hug the wood snugly and be smooth and perfect 
when completed. 


Kitchen Sink.—Furnish and fit up where shown in kitchen, one 
Mott’s Colonial solid-porcelain natural buff glaze sink, 36 inches by 
23 inches, Plate 831 R. Support the sink on.a strong iron frame rigidly 
secured to the wall at the back and resting on two neat bronzed iron legs 
in front, the back to be 18 inches high, the sink to be provided with patent 
ash drain boards hinged to the wall and supported at the front with tele- 
scope legs. Waste this sink through a 2-inch approved cast-iron porcelain- 
lined grease trap and 2-inch waste pipe. Back-vent the trap with 13-inch 
pipe. Supply the sink with hot and cold water through 3-inch pipe and 
2-inch nickel-plated Fuller cocks, the cold-water cock being threaded for 
hose. 

Reception Hall.—Furnish and fit up in the reception hall one 
first-class quality approved Hajoca plain vitreous china siphon-jet water 
closet, with a properly countersunk seat strongly made of selected solid 
mahogany and hinged to the bowl. Flush this closet with a nickel-plated 
Clow oil-controlled flushometer with nickel-plated brass supply pipe to 
wall, or with best-quality mahogany-finish copper-lined low-down tank 
combination as directed. 

Wash Basin.—Furnish and fit up where shown in the reception 
hall one Regal porcelain corner lavatory as shown in Plate 151 L, Haines, 
Jones, & Cadbury Co.’s catalog. The lavatory is to be of the best-quality 
vitreous china, Class A, and 20 inches on the side. Secure the slab rigidly 
to the wall with suitable supports. Do not use the center leg. Waste 
the basin through a 14-inch nickel-plated brass tap and waste pipe to the 
wall. Supply the basin through 34-inch nickel-plated brass supply pipes 
for hot and cold water. Use Hajoca basin cocks with ‘‘Hot”’ and “Cold” 
china name plates. 

Second-Floor Toilets.—Furnish and fit up where shown two 
plain Hajoca siphon-jet water closets, made of vitreous china, first-class 
quality. Flush these closets through Clow oil-controlled nickel-plated 
brass flushometer valves, provided with regulating valves and nickel- 
plated brass pipe to wall. Each closet is to be provided with a strongly 
made solid mahogany countersunk seat attached to bowl, same as is speci- 
fied for the reception hall; or, furnish and fit up a low-down flush tank lined 
with 16-ounce copper and furnished with a suitable high-pressure ball- 
cock and solid-mahogany casing, all of first-class quality as may be directed. 
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Bathtubs.--Furnish and fit up complete where shown, two 54-foot 
standard porcelain-enameled cast-iron bathtubs with 4-inch roll rims, and 
nickel-plated brass supply and waste connections, as shown in Plate 53 S 
of the Standard Sanitary Manufacturing Company’s catalog S. These 
tubs must be Class A quality, free from cracks, flaws, or other imperfec- 
tions, and must bear the maker’s guarantee against cracking and other 
defects. The exterior finish of the tubs to be ivory-white with gold bands. 
Waste the tubs through suitable brass traps, with 4-inch nickel-plated brass 
screw-caps set flush with the floor. 


Wash Basins.—In each bathroom and in the bed chamber over 
the dining room, furnish and fit up one Regal solid porcelain lavatory, 
complete as shown in Plate 143 L of Haines, Jones, & Cadbury Co.’s 
catalog. Waste each basin through a 14-inch nickel-plated brass trap 
to the wall. The top of each basin is to be 30 inches by 22 inches, the 
quality is to be Class A, and they must be perfect in every respect; each 
basin to be provided with Regal porcelain legs, and Fuller basin cocks 
with porcelain name plates marked “Hot” and ‘“‘Cold,” with 34-inch nickel- 
plated supply pipe to wall. 

In the bed chamber adjoining the den on the second floor, furnish and 
fit up complete one solid-porcelain right-hand corner basin with back and 
end, the top to be 30 inches by 22 inches, and of the same general type 
and quality as the Regal basin previously specified for the toilet rooms. 
Use one porcelain leg for this basin. Waste the basin through a standing 
waste properly trapped and supply with hot and cold water through Fuller 
basin cocks with ‘‘Hot”’ and ‘‘Cold”’ china name plates. 


Slop Sinks.—Furnish and fit up where shown on the second floor 
one 22”X18”X12” roll-rim Mott’s Colonial slop sink, with bronzed 
iron trap standard and nickel-plated strainer, and 18-inch back as 
shown in Plate 812 R. Supply this with hot and cold water through a 
nickel-plated compression double faucet. The trap standard is to be a 
half $ trap. 

Servants’ Bathroom.—Furnish and fit up where shown one 
cast-iron enameled 5’ 6” bath of the ordinary plain pattern, with plain 
plug and chain and combination cock inside the bath, same as in Plate 19 S, 
Standard Manufacturing Company’s catalog S, without exterior finish. 

Furnish and fit up in servants’ bathroom one porcelain-enameled flat- 
back iron basin in one piece, with nickel-plated Fuller cocks, rubber plug 
and chain, nickel-plated trap, and brackets complete. 

Furnish and fit up in servants’ bathroom one plain durable siphon-jet 
water closet, with Clow oil-controlled flushometer or plain-oak low-down 
flush tank, copper lined, as directed. The seat is to be of oak and attached 
to the bowl. 

Closet Connections.—All dlosets are to be connected to the soil 
pipe by flexible lead bends or pipe, and flexible metal-to-metal floor flanges, 
of approved make. 
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Kitchen Range.—The kitchen range will be furnished by the 
owner. The gas range will be furnished by the owner. The plumbing 
contractor will be required to make connections between these ranges 
and the kitchen boiler with brass piping. 

Kitchen Boiler.—The contractor will furnish and fit up in the 
kitchen where shown, on a heavy galvanized-iron stand, one 60-gallon 
galvanized-iron, extra-heavy, best-quality range boiler, tested to 250 
pounds. 

Refrigerator.—The refrigerator is to be furnished and set in posi- 
tion by the owner. The plumber will be required to connect the refriger- 
ator with the safe-waste sink in the cellar, providing a check-valve on the 
mouth of the safe-waste pipe over the sink and clean-outs wherever neces- 
sary to insert rods for cleaning-out purposes; a copper pan 1 foot square 
of 16-ounce copper with 13-inch upstand is to be located under the refriger- 
ator outlet and is to be connected with 13-inch lead pipe and brass strainer 
at the floor line. 


DRAINAGE SYSTEM 


Main House Drain.—tThe contractor will furnish and lay in a 
straight line between the rear of the building and the sewer in Costello 
Court a 6-inch salt-glazed vitrified sewer pipe. This pipe must be 
laid on a solid natural bottom. The joints are to be made with Port- 
land cement and clean sharp sand in the proportions of half and half. 
The lines must be laid perfectly true and the interior swept out clean 
as it is laid. Place the main drain trap under the cellar floor just 
inside the rear wall. Take off a 4-inch fresh-air inlet from the house 
side of the main drain trap and run it through the rear wall, terminat- 
ing above the grade line where directed with a suitable vent cap. All 
the drainage work shown in the cellar plan is to be extra-heavy cast 
iron with calked joints and supported on natural earth bottom. A 
hatchway will be left in the floor for access to the space underneath. 
Brass screw-cap clean-outs must be placed at all points on the drain- 
age and waste-pipe system where it is necessary to obtain access to any 
line. The base of each soil stack must be supported solidly on a brick 
pier to be built by the owner for that purpose. The drain, soil, waste, 
and vent stacks having a diameter greater than 2 inches are to be of 
extra-heavy cast-iron pipe with strong calked joints. Those having a 
smaller diameter are to be of galvanized-iron pipe and are to have 
easy-sweep flush fittings; no wrought-iron pipe is to be used under the 
cellar floor. All the vents and branches on the drainage and ventila- 
tion system must have easy-sweep flush fittings. All vent stacks less 
than 4 inches that pass through the roof are to be increased in diameter 
at such a place and in such a manner as required by the city ordinance; 
all soil, waste, and vent stacks are to be rigidly secured with wall 
hooks or other approved fastenings. All lead branches to closets or 
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other fixtures are to be connected to the cast iron with heavy brass 
ferrules and wiped joints; all lead pipe used on the drainage system is 
to be equal to 7-pound sheet lead in thickness; all nickel-plated waste 
pipes are to be connected to lead branches with wiped joints concealed 
by heavy nickel-plated brass flanges; the vent pipes intersecting the 
roof are to be flashed with 6-pound sheet lead. The location and the 
proper height to which the vent pipes will be run shall be directed on 
the job; the top of each vent pipe is to be protected with an approved 
woven-wire ball screen. All the waste connections and vent connec- 
tions exposed to view under the fixtures are to be nickel-plated brass 
and all are to be provided with suitable brass floor and wall plates. 

Leaders.—The leaders from the roof down to a point about 5 feet 
above the ground, or where directed, shall be furnished and installed 
by the sheet-metal contractor. The plumber will continue the extra- 
heavy cast-iron leader drain up to and above the ground to receive 
these leaders, leaving them plumb and neat and in true alinement for 
the leaders. The leader traps are to be located under the cellar floor 
where shown and provided with brass screw-cap clean-outs; the leader 
drains outside the building are to be of cast iron. 


WATER-SUPPLY SYSTEM 

Main Line.—From the street main in Clay Avenue run a 13-inch 
extra-heavy, galvanized-iron service pipe into the cellar through the 
front wall. Cover this pipe with a heavy coat of R. I. W. paint to 
prevent corrosion. Obtain and pay for a 14-inch tapping to the street 
main. Connect the corporation cock to the galvanized service pipe 
with 14-inch AAA lead pipe and brass solder-nipple connections. 
Place a stop-cock and a curb box at the curb. Run the service pipe 
line at least 5 feet below the ground and finish with 1j-inch plugged T 
inside the cellar. On the house side of the T, place 13-inch gate valve, 
with a drip cock on the house side of the valve. On the house side of 
this drip cock place a 13-inch Kieley pressure-reducing valve. Place 
a suitable pressure gauge on the house side of the pressure-reducing 
valve and set the valve so that it will hold up 30 pounds per square 
inch pressure in the building independent of street variations. On the 
street side of the pressure-reducing valve, take off a $-inch galvanized- 
iron pipe, run same to supply a j-inch hose bib to be located where 
directed for lawn sprinkling purposes, and place a j-inch roundway 
stop-and-waste cock on this line in the cellar. Continue from the 
pressure-reducing valve with a 14-inch galvanized-iron water main to 
the several risers. Leave a plugged T where directed to supply a steam 
boiler in the future. Runa 1-inch branch to the laundry tubs, a 4-inch 
branch to the safe-waste sink, a {-inch branch to the butler’s pantry 
sink, a 14-inch branch to the reception-hall lavatory, a 13-inch branch 
to each toilet room containing flushometer valves. Take off 3-inch 
branches to all baths, and 3-inch branches to all basins. Place a gate 
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valve on each branch to each toilet room and a drip cock on the house 
side of each gate valve. Place a gate valve or roundway stop-and- 
waste cock on all branch lines from both the hot and the cold main 
distributing lines to control any part of the building without shutting 
off any other part, where directed. Valve each closet tank and hot 
and cold supply to basins separately. Run all the pipes in the cellar 
neatly along the cellar ceiling, supporting them rigidly with suitable 
tinned pipe straps and screws. Use beaded malleable-iron fittings all 
through the job for the water supply pipes; all threads must be clean- 
cut. Grade all cellar pipes down to the several drip cocks, and make 
provisions for all the pipes to be easily drained without traps. 

Safes.—Lay a 14-ounce soft-rolled copper pan under the entire 
floor of the bathrooms over the dining room and over the den, making 
an upstand all around and back of the baseboard. Properly lock all 
seams and solder same water-tight. Runa 14-inch waste pipe from 
the second-floor safe to the cellar ceiling. Run a 14-inch waste from 
the third-floor safe to the cellar ceiling over the sink. Test these safes 
by filling them with water after the roughing is ail in. 


BOILER CONNECTIONS 

Set the boiler on a strong galvanized-iron stand where directed. 
Connect it to the coal range with l-inch semiannealed brass tubing 
and to the gas range with j-inch semiannealed brass tubing. Leave 
a plugged T at the top and another at the bottom of the boiler for 
future connection to a steam water heater. From the top of the boiler, 
run a l-inch hot-water distributing line, branching off to the bathroom 
over the dining room and return with a }-inch circulation pipe. Con- 
nect the circulation pipe to the bottom of the boiler with a $-inch 
connection, placing a swing check and stop-cock on the line where 
directed. From the l-inch hot-water distributing main at the kitchen 
ceiling, run a $-inch branch up to the bathroom on the third floor and 
return with }-inch pipe, which will join the 4-inch circulation pipe from 
the bathroom over the dining room. Place a stop-cock on both the 
hot and circulation branches to control both bathrooms. From the 
top of the boiler, run a {-inch hot-water pipe to supply the bathroom 
over the kitchen without providing for circulation. Runa z-inch hot- 
water supply pipe along the cellar ceiling to the vestibule basin without 
providing for circulation. Place a gate valve on the cold-water supply 
above the kitchen boiler and a gate valve on each main line running 
from it. Runa 28-inch sediment pipe from the kitchen boiler to the 
safe waste sink in the cellar. On top of the kitchen boiler place 
a i-inch safety valve of approved make of the spring pop pattern. 
Discharge the safety valve into the sediment Pipe and load the 
safety valve to blow off at 40 pounds per square inch. 

All the pipes for supplying both hot and cold water throughout the 
entire building are to be the best quality galvanized iron, except where 
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specified otherwise. All the fittings are to be strong malleable-iron 
galvanized beaded fittings or brass beaded fittings. 

Galvanized-iron ring-plate hangers are to be used where the pipes 
run along finished ceilings or against finished walls. All hot-water 
and cold-water pipes exposed to view under the fixtures are to be of 
nickel-plated brass, iron-pipe size, finishing at the floor or walls, as the 
case may be, with heavy brass nickel-plated flanges; all hot-water 
pipes are to be graded so as to pitch back to the boiler and are to be 
provided where necessary with drip cocks, so that every pipe can be 
emptied easily. 

GAS PIPING 

From the 4-inch gas main on Clay Avenue, run a 13-inch gas service 
pipe in through the front cellar wall. Place a 13-inch gate valve just 
inside the wall, and another at the curb, with an iron extension curb 
box. Drip this service pipe back to the main, if possible. If not, 
place a drip cock and pocket inside the cellar wall. Protect the service 
pipe with a heavy coat of R. I. W. paint and fill in the trench carefully. 
The contractor will be required to furnish and pay for the tapping of 
the gas main and the connection. He will obtain and set the gas 
meter. Connect this meter with a l}-inch D lead pipe. Runa 1}-inch 
gas pipe from the meter to a point beyond the connections to the gas 
logs. Then continue with 14-inch pipe to the gas range in the kitchen 
and connect up the range and the gas water heater complete. Runa 
§-inch gas pipe to each of the gas logs in the reception hall and connect 
to the logs complete as directed. The logs will be furnished by the 
owner. There will be no gas used for lighting purpose in the building. 
Leave a §-inch plugged T at the cellar ceiling, where directed, fora 
laundry stove. 

FINALLY 

The city ordinances must be respected in all work; all cast-iron 
pipes are to be extra heavy and all junctions of the same are to be 
made with oakum and molten lead calked flush with the face of the 
hub. The weights of the pipes must accord with the city ordinances; 
all the soldered joints are to be wiped; all pipes are to be supported in 
the firmest manner with appropriate hangers, bands, or other fasten- 
ings to be approved by the sanitary engineer so as to effect strong, 
neat, secure work. All pipes must be of uniform thickness and 
free from all imperfections; the entire soil, waste, and vent system is 
to be tested by the water-pressure test, in the presence of the plum 
ing inspector and sanitary engineer, at the expense of the contractor; 
the whole work is to be again tested, after it is completed, by the 
smoke test in the presence of said inspector and engineer at the 
expense of the contractor. The owner will furnish and fit up all nec- 
essary pipe boards and planking for the pipes and fixtures. The 
plumber will be required to pay for all permits and furnish all mate- 
rials, tools, and labor necessary to duly complete his work and leave 


§54 PLUMBING PLANS AND SPECIFICATIONS 19 


the same in a finished condition. The owners will execute all neces- 
sary cutting of walls, beams, etc. for the plumbers. The workmen 
must be all first-class, steady men, approved by the sanitary engineer, 
who will have the power to discharge any workman whom he may 
deem incapable of producing the class of work required. Prepara- 
tions for the work are to commence as soon as the contract shall have 
been made and signed by the contracting parties, and the erection of 
the work is to commence as soon as practicable. 
DRAWINGS AND SPECIFICATIONS 

The drawings and these specifications are the property of the archi- 

tect and must be returned to his office before the final certificate is 


granted. 
BIDS 


No bid will be considered unless accompanied by the plans and 
specifications. The owner reserves the right to reject any or all bids. 
June 30, 1916. Jos. HAWLEY, Sanitary Engineer, 


OFFICE-BUILDING PLUMBING 


- GENERAL DESCRIPTION OF SYSTEM 


18. The accompanying plans and specifications illustrate 
and describe the plumbing system in the recently com- 
pleted annex to the Commercial Cable Building, New York, 
wherein there is employed a combined gravity and com- 
pressed-air system for discharging the sewage. The rising 
lines and connections thereto are of heavily galvanized 
wrought iron with heavy cast-iron recessed threaded fittings; 
all cast-iron pipe used is of extra-heavy quality. 


19. Referring to the third-basement plan, Fig. 6, it 
will be noticed that the subsoil drainage lines a,6, and c 
discharge into the subsoil tank d, to which the 2-inch refrig- 
erator waste e is also connected. The subsoil-drainage 
tank dis connected to the sewerage system, into which the 
subsoil water is discharged by a siphon ejector, the water 
passing into the house drain and thence into either or both 
of the sewage ejecting tanks /,/ through a properly trapped 
waste pipe provided with the necessary back-water valve to 
prevent sewage from backing into the subsoil drainage lines 
and tank in case of accident to the sewage ejectors. 
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As is frequently necessary in large office buildings having 
several stories below the street level, the house-drainage sys- 
tem is arranged in two sections, the discharge from one section 
being effected by gravity, while that from the other is accom- 
plished by the use of compressed-air sewage ejectors /,/ 
located in the sump pit in the third basement. As shown on 
the third-basement plan, various waste pipes, soil pipes, 
and area-drain pipes are connected into the 5-inch house 
drain that discharges through the ejectors in the sump pit. 


20. As indicated on the main-basement plan, Fig. 8, 
the main drain of the gravity discharge section of the house 
drainage system runs along the south wall of the old build- 
ing and discharges by gravity through a running trap into 
the 7-inch house sewer, and thence into the New Street 
sewer. The house drain of the gravity discharge system 
also receives the discharge from a portion of the plumbing 
system in the new building (see stack 4, Fig. 12), the main 
drain being carried along the wall in an easterly direction to 
a point opposite the toilet rooms in the eastern side of the 
new building, where it is run through the south wall of the old 
building, across the court of the new building in the channel 
iron shown in detail in the main-basement plan, Fig. 8, and 
thence through the court wall, just beneath the ground-floor 
toilet room in the new building, as indicated on the sectional 
view, Fig. 12, showing the various rising lines of the 
plumbing system. From the ground floor to the roof, all the 
waste from the toilet-room fixtures on the stack 4 is dis- 
charged through this gravity system, which also receives 
the discharge from the rain-water leaders, as indicated at the 
left of Fig. 12. The soil and waste line for the fixtures 
below the ground floor on stack A, Fig. 12, is connected 
into the vent line above the highest waste fixture on the 
lower line, as shown, and continued upwards to the roof. 
The vent lines are connected at the bottom with the soil and 
waste lines below the lowest fixtures, the waste of the 
nearest fixture being connected above the bend. The waste 
from stacks &, C, D, &, and #, the location of which is 
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shown on the third-basement plan, Fig. 6, as well as the 
discharge from the area drains, is carried to the sewage 
ejectors by which it is discharged to the sewer. The 
sewage ejectors f,/, Fig. 6, are so cross-connected that 
either or both may be used in discharging the sewage into 
the street sewer. 


21. To avoid confusing the pipe lines the water-supply 
system is not shown on the plans. The description here 
given, in conjunction with the specifications, will explain the 
water-supply system. 

The supply of water to the various plumbing fixtures and 
fire-lines is taken from a large house tank on the roof, the 
water being pumped into the house tank by one or both of 
two house pumps, directly over which are located two pres- 
sure tanks into which the pumps discharge and to which 
compressed air is supplied by a Westinghouse steam-driven 
air compressor. The house pumps are independently con- 
nected to a suction tank beneath the basement floor, the 
water supply to the tank being controlled by a valve operated 
by a ball float. The water-supply main to the suction tank, 
just before entering the latter, is cross-connected to the 
suction pipes of both house pumps. The water supply for 
the old building is furnished through the supply pipe from 
the house tank on the roof of the new annex. 


SPECIFICATIONS 

22. The specifications under which the plumbing system 
in the building whose plans are given in Figs. 6 to 13 was 
installed are as follows: 

Specifications covering materials and workmanship for install- 
ing the plumbing and drainage systems in the Commercial Cable 
Building Annex, New Street and Exchange Place, New York, in 
accordance with the accompanying plans prepared by Howells & 
Stokes, architects: 

Drawings.—The plumbing drawings that accompany these 
specifications consist of the following plans: third-basement plan, 
showing subsoil, leader, and house-drain lines; second-basement plan; 
first- or main-basement plan; ground-floor to third-floor plan; fourth- 
floor to fifteenth-floor plan; roof plan. All these plans indicate the 
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location of soil, waste, and vent stacks. There is also presented a 
sectional elevation corresponding to the layout indicated on the third- 
basement plan and showing various soil, waste, and vent stacks and 
attached fixtures. The drawing entitled Gravity House Drain and 
Ejector Discharge Pipes (Fig. 13) is a sectional elevation showing the 
course of the stack’4, also the connections between the sewage eject- 
ors in the sump pit and the New Street sewer. 

Scope of Work.—Included under the plumbing contract will be 
the complete installation of the plumbing and drainage system, to 
include all sewerage from all fixtures throughout the building, the 
drainage of all roof water, areas, etc., the proper venting of all lines, 
and the furnishing and setting of all fixtures and other work, as may 
be more particularly called for and shown on the plans, sections, 
elevations, and in these specifications. 

Toilet for Workmen.—The plumbing contractor is to furnish 
and set at some convenient point in the building, at as early a date as 
possible, toilet connection, with the necessary hopper, seat, enclosure, 
etc. for the convenience of the workmen of this building. This toilet 
is to be kept in a perfectly clean condition and is to be supplied with 
running water, and is to be cleaned out, disinfected, and removed 
whenever requested by the architects. Provide one toilet on the first 
and eighth floors. 

Materials.—The cast-iron pipe used is to be extra heavy through- 
out. All fittings are to be extra heavy and of standard make. 

The wrought-iron pipe used is to be of extra-heavy manufacture and 
of the proper sizes, as called for, and is to be heavily galvanized 
throughout. Fittings for wrought-iron pipe are to be extra-heavy cast- 
iron recessed-and-threaded drainage fittings. 

Lead pipe is to be of the grade known as D. 

Brass pipe is to be thoroughly annealed seamless drawn brass 
tubing of standard iron-pipe gauge. Fittings on brass pipe are to be 
heavy cast-brass fittings, to be recessed and threaded where necessary. 

Valves.—All valves used throughout the work are to be of the 
standard Fairbanks or Jenkins Bros. manufacture. 

Joints.—All joints between cast-iron pipes are to be made up with 
spun oakum and pig lead. ‘The pipe is to be set concentric and the 
joints are to be thoroughly filled and calked until the same are tight. 

All joints in galvanized wrought-iron pipe are to be made up with 
threaded connections in red lead. 

All joints between lead pipe are to be wiped solder joints. 

All joints between lead pipe and iron pipe are to be made with long 
heavy proper-sized brass ferrules thoroughly calked into the iron pipe 
and a wiped solder joint between the brass ferrule and the lead pipe. 

Ali joints in brass pipes are to be screwed joints made up with white 
lead. 

Slip joints beyond the trap seals will not be accepted. 
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Piping.—All piping shall be run as direct as possible, substantially 
as shown on the plans, avoiding unnecessary bends and outlets. 

No piping, whether so drawn on the plans or not, shall be run so as 
to interfere with the proper installation of the work of other contractors, 
and such piping shall be altered to run as directed by the architects. 

All sewer and drain pipes are to have a uniform fall of + inch to 
the foot, and all other pipes are to be properly pitched in a uniform 
manner. 

Hangers.—All horizontal runs of piping shall be supported on 
wrought-iron adjustable hinged hangers. 

All vertical piping shall be supported on adjustable hinged pipe 
bands of wrought iron. © 

Exposed piping in finished rooms shall be hung and supported on 
hinged pipe hangers and supports of the same material as the piping 
and shall be secured in a neat manner. 

All hangers and supports shall be of the pattern, and spaced, as 
directed by the architects, and any special hangers or supports required 
to support the piping shall be furnished and set by the plumbing 
contractor. 

Thimbles.—Where pipes pass through walls, floors, or partitions, 
they shall pass through adjustable telescope thimbles of either wrought- 
iron pipe or galvanized-iron pipe, properly flanged and to be at least 
3 inch larger than the outside diameter of the pipe. 

Clean-Outs.—All clean-outs shall be provided with brass screw- 
caps. All running traps shall have two clean-outs. The foot of all 
lines and all changes in direction of the house drain shall be provided 
with clean-outs. 

Roof Joints.—Where pipes extend through the roof, the joints 
shall be made tight with 16-ounce copper, flanged out on to the roof at 
least 8 inches, and be carried up the pipe to the first joint; the cap 
flashing is to be calked tightly into this joint, and all is to be 
guaranteed waterproof. 

Excavating.—The plumber shall do all the excavating inside and 
outside of the building for the house sewer, house drains, and the 
water- and gas-supply piping. 

Refilling.—All trenches shall be refilled with clean earth in 12-inch 
layers and puddled and tamped in place, and all repairing of the street, 
etc. is to be paid for by the plumbing contractor. 

Work Executed by Mason Contractor.— The sump pit, 
excavation, retaining walls, and the trenches beneath the basement 
fioor and their retaining walls will be excavated and built by the mason 
contractor. 

House Sewer.—From the inside of the retaining walls of the first 
basement at the south end of the old building run an extra-heavy cast- 
iron sewer of the size shown on the drawings and connect the same, 
with the proper fall, to the sewer in the street. Into the end of this 
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cast-iron sewer calk, in a first-class manner, the end of the galvanized 
wrought-iron main house drain pipe from the new building. 

House Trap.—On the house drain line, just inside of the retaining 
wall, on the horizontal run of pipe leading to the street, furnish and 
install an extra-heavy running trap, to be of extra-heavy galvanized 
iron and to have two threaded brass clean-out screws. 

Air Inlet.—Connect the house trap on the house side by means of 
a proper size galvanized wrought-iron pipe. Carry this inlet up to the 
sidewalk and have it end in a brass grating set in the sidewalk, with a 
suitable frame. : 

House Drain.—Continue the house drain, as above called for, 
with proper rise, in an easterly direction along the south wall of the 
old building until the same is opposite the toilet rooms in the eastern 
side of the new building. At this point turn the drain south and 
through the south wall of the old building, across the court of the new 
building on the channel iron hereinafter called for, rising sharply, and 
enter the court wall where shown, just beneath the floor of the ground- 
floor toilet room in the new building. From this point continue as 
specified under Rising Lines. All waste from the fixtures of the toilet 
rooms, from the ground floor to the roof, will be carried out through 
this gravity system. All fixtures below the ground floor and all office 
fixtures will discharge through the sewage ejector as hereinafter called 
for. The soil line for the fixtures below the ground floor is to be con- 
tinued up to and above the roof, forming the vent line for the fixtures 
above the ground floor and is to have a separate vent throughout the 
basement stories, properly cross-connected to the vent above-mentioned 
and above the highest waste fixture of the lower line. 

Sump Tank.—In the sump pit below the floor of the third base- 
ment, furnish and set two heavy wrought-iron riveted tanks, having 
a capacity of 100 gallons each, to be circular in form, to have flanged 
bottoms and tops, and all to be made of iron 3 inch thick, and to be 
put together in a thoroughly first-class and workmanlike manner; 
joints of the tanks are to be double-riveted and calked until air-tight, 
and tested to withstand 200 pounds pressure per square inch. 

These tanks are to be provided with all the necessary riveted flanged 
connections, flanged manholes, etc. and are to be installed in accordance 
with the Ellis system of sewage ejection and are to be properly connected 
by means of galvanized-iron pipe of the size shown on the drawings; 
the outlet is to be taken from the bottom of the tank and is to be carried 
up vertically to the third-basement floor, thence horizontally under the 
coal-bin tracks into the old building, and is to rise vertically to a point 
4 feet above the level of the house drain, as above mentioned, and 
then by means of a return bend is to be connected to the house drain, 

Where “he vertical run from the sump tank changes its direction to 


the horizontal, place a cleanout T with a screw-cap on the back side in 
all cases. 
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Steam Connection.— From the top of the sump tanks furnish 
and set a proper size steam connection, with check-valve, to be thor- 
oughly secured to the tank and properly valved and to be run through 
the subbasement of this building to a point near the hcuse pumps, to 
which the steam mains from the present Commercial Cable Building 
steam plant will be brought. Make a proper connection to the same 
with long-turn bends. 

Compressed Air.—Furnish and set complete, where directed in 
the basement, two electrically driven air compressors; each is to be 
capable of compressing at least 15 cubic feet of free air per minute and 
maintaining a pressure of 35 pounds. Each compressor is to be pro- 
vided with an unloading device and is to be arranged to work entirely 


automatically. Compressors are to be valved and cross-connected so 


as to work together or separately and so that either or both can be 
used on the air tank for the sewage lift. Put checks on the air pipe to 
the sewage air tank and arrange them so that there is no possibility 
for air to return to the compressors. 

Furnish and set where shown, near the air compressors and hung 
from the ceiling by galvanized-iron hangers, or supported on gal- 
vanized-iron stands from the floor, an air-receiver tank 5 feet long by 
23 feet in diameter, made of {-inch steel shell, 34-inch heads, all 
double-riveted, strongly braced and stayed, and warranted to stand 
150 pounds per square inch working pressure; the tank is to be pro- 
vided with riveted flanged inlets and outlets, safety valve, pressure 
gauge, valved emptying pipe, manhole plate, guard and gasket com- 
plete. Make all connections with the compressors and the receiving tank 
with proper-sized pipe and provide all valves, checks, etc. complete. 

Water System.—The water system is to be properly connected 
with the water system of the building, and is to be properly valved, 
check-valved, and all to be arranged to work automatically to dis- 
charge the sewage from the tanks into the sewer with the least pos- 
sible amount of water. 

Fixtures.—The sump-pit tanks are to be provided with the 
necessary governing valves, wheel gate valves, on both inlet and dis- 


‘charge pipes, of proper size, and one No. 2 Ellis automatic sewage 


lift, guaranteed to discharge not less than 200 gallons per minute for 
each tank. The working of this sewage ejector is to be satisfactory 
and reliable and all is to be installed under the direction of The Ellis 
Company and operated under a steam pressure of 100 pounds per 
square inch. 

From the sump tanks on the building side, and properly connected 
to the same with clear-way check-valves, run underneath the base- 
ment floor and other places where so shown proper sewerage lines 
having 1 inch drop to the foot, all to be galvanized wrought-iron pipe. 
All changes of direction are to be made with Y fittings, with cleanouts 
in the end of the Y’s. 
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Rising Lines.—The rising lines of the waste, soil, and vent 
lines shall be of galvanized wrought-iron pipe connected to the house 
drain with Y fittings and extended through the roof. 

The bottom of the vent lines shall be connected to the soil and 
waste stacks below the lowest fixture and the waste of the nearest 
fixture shall be connected to same above the bend. Lines less than 
4 inches in diameter shall be increased to 4 inches below the roof and 
continued 4 inches in size throughout the same to a point 6 feet above 
the roof. 

Fixture Branches.—Fixtures are to be connected to the waste, 
soil, and vent stacks through the following size branches of galvanized 
wrought-iron pipe: 

WASTE VENT 
IncHES INCHES 


Wiaterclosetsi. 7. uate scber « ucuiou ce ee ae 4 2 
Wash basins. « .-:... new sures foun ee eet ee em 13 
Wrash. trayse fe 3) sae os “apace ee on vee 2 1} 
Sing ee terse obey sclutey yell cuias7) saute weer aoe owas 2 13 
SOP SINKS oc. se) acute caer atk ae ee 3 2 


Fixture Connections.—The basin, sink, and wash-tray traps 
shall be screwed directly into the galvanized wrought-iron pipe. 

The water closets shall be connected to the soil lines with brass 
screw floor flanges and 4-inch lead bends. These bends are to be as 
short as possible and the vents to the closets shall be connected to the 
top of the lead bend below the floor line. 

Leaders.—Furnish and set where shown on the drawings galva- 
nized wrought-iron leaders, to be of the size shown. At the roof end, 
they are to have a brass expansion-joint connection to allow of the 
soldering of the copper leader to the same. 

The water from the pent-house roof will empty on to the main roof. 
The main-roof water will be taken down in one leader on the north 
side and this leader will empty on to the roof of the court over the 
ground-floor corridor. The roof of the fourth-story extension will be 
drained in a copper leader called for under ‘‘Roofing Work’’ and will 
empty on to the roof of the ground-floor corridor. The roof of the 
ground-floor corridor will be drained into one leader on the north side 
and this will continue down vertically below the ground-floor level 
and will then pass through the wall of the old building and connect to 
the house drain at this point. The roof of the court over the third 
basement will be drained by a leader connected to the third basement 
toilet-room drainage lines. All leaders will be trapped at the foot of 
each before they enter the drainage systems by means of a running 
trap with a cleanout. _ 

Leader in Old Building.—In the south wall of the old 
building where the door on the ground floor connects the corri- 
dors, there now exists an old leader which must be cut off above 
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the door and run over horizontally far enough to avoid the doorway 
and then down and back again horizontally t >» connect with its original 
outlet. 

Areas.—The bottoms of all areas shall be provided with square 
brass frames and hinged perforated brass covers with brass cesspools 
without a bell trap, to be soldered to the copper work in the window 
areas, and properly connected and trapped to a proper-sized galva- 
nized wrought-iron pipe, the same to be connected in the proper 
manner to the leader system. 

Water System.—The contractor shall pipe the building from the 
tank in the pent house to the various fixtures throughout the building 
for the system of cold-water supply. 

Piping.—All the piping throughout for both the hot- and the 
cold-water supply system, where the same is concealed, shall be gal- 
vanized wrought iron, with heavy galvanized cast-iron fittings. 

Branches.—No fixture is to be supplied with less than a 2-irch 
branch. Each branch is to be properly pitched to drain back to the 
main and a 3-inch drain pipe with a valve is to be run from the main 
to empty over the subsoil-drainage sump. 

Circulation Return.—Each hot-water line shall be provided 
with separate circulation return carried back and connected to the 
boilers or tank inside with emptying valves. All branches to the 
fixtures shall have a branch circulation return. 

Hot Water.—Only the sinks of the kitchen, the sinks of the ser- 
vice pantry and scullery, and the wash basins and slop sinks of the 
main-basement toilet room will be supplied with hot water. Hot- 
water and cold-water piping is to be run to the range boiler in the 
kitchen. his boiler is not included here, but all piping will be run 
ready for connections to same. 

Kitehen Fixtures.—Kitchen, scullery, and service-pantry fix- 
tures are not included in this contract, but waste, vent, and water- 
supply pipes for all the above fixtures, where shown, are to be included 
herein and will be installed complete, ready to connect fixtures to same 
later. 

Office Lavatories.—All office lavatories are to have exposed 
waste and vent lines of galvanized wrought iron, and are to be 
supplied with cold water from concealed galvanized-iron pipes. 
Care is to be taken with all piping that same may be erected as 
close to walls as possible and to make a neat job. All exposed 
piping other than waste and vent pipes is to be nickel-plated brass. 
All galvanized-iron piping is to be bronzed, as hereinafter called for. 
Throughout ground and basement floors this piping will be conceald 
in columns, etc. 

Air Chambers.—In no case shall any pipe terminate at a valve 
or faucet, but shall be provided with a vertical air chamber of suffi- 


cient capacity. 
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Control of Piping.—In addition to the control previously 
specified, each fixture and each group of fixtures shall be controlled 
with valves in such a manner that each fixture may be cut out without 
interfering with the supply of any other fixture. 

Sill Cocks.—Run #-inch pipe to two sill cocks where directed. 
At the sidewalk, the sill cocks shall be of brass, with hose connection, 
and controlled with a removable key. 

Testing Drainage System.—When all the traps are set and 
the drainage and vent piping is completed, the ends of the piping shall 
be temporarily plugged and the system filled with water, as directed 
by the architects. 

Testing Water-Supply System.—The entire system of hot- 
water and cold-water supply piping shall be filled with water and a 
pressure of 150 pounds to the square inch developed. 

Retesting.—Should any leaks or defects develop under the test 
these shall be made good and the system retested, and the operation 
shall be repeated until the entire system is made tight, and all damage 
caused by leaks or other defects shall be made good by the plumbing 
contractor. 

Finishing.—Where exposed pipes pass through walls, floors, 
partitions, marble, or wood work, they shall have cast brass flanged 
escutcheons, the same to have nickel-plated finish and the same to be 
on both sides of the floors, walls, or partitions. 

All exposed piping throughout the entire building above the second 
basement will be nickel-plated brass pipe, except where otherwise 
noted. 

All exposed piping not otherwise covered shall be cleaned of all oil, 
grease, dirt, and scale and given a coat of sizing and aluminum bronze. 

No water pipe is to be run on outside walls, and all water piping 
exposed to the action of frost is to be covered, where necessary, with 
hair felt and jacketed with canvas sewed on. All other exposed metal 
work, including tanks, is to be painted with three coats of lead and 
oil paint. 

Fire-Lines.— Furnish and set where directed, throughout all 
floors, including basements and roof connection, fire-lines of the size 
pipe as indicated or required, the same to be of galvanized wrought 
iron, with all the necessary fittings of extra-heavy cast iron. On each 
floor, at a height of about 7 feet from the floor, leave an outlet and 
extend the same in a neat manner through the wall, exposed piping 
to be nickel-plated brass, and leave connection for the attachment of 
a 23-inch hose. On each floor furnish and erect a hose reel, to be 
firmly secured to the wall and supplied with 75 feet of rubber-lined 
first-quality linen hose, the same to have all necessary brass couplings, 
to be supplied with a brass fire-nozzle, and to be properly attached to 
the fire-line and also to be properly valved with a heavy nickel-plated 
brass valve. The supply for this fire-line is to be taken from the tank 
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on the roof and is to be run to the sidewalk level where directed, and 
is to have a heavy polished-brass Siamese fire-connection having 
standard New York Fire Department thread, and the line is to have a 
check-valve at the foot. 

Hose Reel.—Hose reel is to be a Star swinging hose reel, to be 
made of nickel-plated brass in all parts, to be thoroughly secured to 
the wall by means of expansion bolts, and to be of the manufacture of 
John Simons & Co., of New York City. 

Pipe Support.—Where the main soil pipe crosses over the court 
on the east side, furnish and set a 12-inch 20-pound channel to varry 
this pipe. This channel is to be set on the flat, flanges up, and is to 
have riveted to each flange one 4” X 12” steel plate to form a box. All 
this work is to receive three coats of lead and oil paint, both inside 
and outside. The channel is to rest on the brickwork of the walls for 
a distance of at least 12 inches. All cutting in connection with this is 
to be done by the owner. 

When pipe has been set in this channel it is to be securely packed 
on all sides with mineral wool until the box is full. Over this box fur- 
nish and set a 16-ounce copper-pitched roof, same to extend down the 
sides and to be strapped under the bottom of the channel. This roof 
is to be so arranged as to be removable, and is to be water-tight, and 
all necessary flashing in the walls is to be included. 

Subsoil Drainage.—The plumbing contractor is to furnish and 
install a subsoil drainage system beneath the floor of the third base- 
ment and also beneath the bottom of all trenches. The pipe is to be 
4 inches in diameter, non-vitrified round subsoil drainage tile, without 
hubs, is to be laid with uniform grade, and the joints are to be covered 
on the top only with a flap of heavy tarred roofing felt. The drainage 
pipe is to be filled in around the sides of the tile and over the top of 
the same to a depth of about 3 inches with medium-sized gravel. All 
subsoil drains shall be run where shown and discharge into the sump 
tank, which is to be located in the same pit with the ejector tanks, and 
is to be placed low enough to receive the drainage from the three sub- 
soil lines. 

The tank is to be built of $-inch steel plates riveted together, 2 feet 
in diameter and 10 feet deep, and is to be sunk 6 feet below the floor 
of the third basement. ‘This tank is to havea horizontal flange, at least 
12 inches wide all around, riveted to same 12 iaches under the base- 
ment floor. This flange is for the purpose of permitting a water-tight 
joint to be made with waterproofing at the basement level. 

The subsoil tank is to be provided with an internal suction pipe 
extending upwards inside of the tank, coming out near the top, and 
then emptying into the sewage system below the basement floor. This 
waste is to have a trap, a vent, and a check-valve properly set on same, 

Refrigerator Waste.—In the refrigerator room, the plumbing 
contractor is to install a brass floor trap, with removable brass strainer, 
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to be properly trapped, and the trap is to empty over a sink that is to 
be placed on the exterior wall of the refrigerator, which in turn is to 
be connected with the sewerage system. All is to be complete in all 
respects. 

Drips.—The drip from all machinery, overhead steam lines, drain- 
age of water pipes, or other drip drainage coming in connection with 
the plumbing work is to empty over the same sink as the refrigerator 
waste. 

House Tank.—In the pent house of this building, the plumbing 
contractor is to furnish and set a house tank, the same to be made of 
ze-inch steel plates, double-riveted, with all joints calked and the tank 
to be guaranteed absolutely water-tight and air-tight under a pressure 
of 200 pounds per square inch. The tank is to be circular in form, 
with dished heads; it is to be 6 feet in diameter and 18 feet long. It is 
to have all necessary cast-iron flanges for inlet connection, discharge 
connection, and overflow connection riveted to the same, and also nec- 
essary gaskets, and necessary flanged manhole opening and cover, 
with gasket. The tank is to be properly supported on wrought-iron 
supports secured to the structural steelwork of the building, and is to 
be raised at least 18 inches from the floor. 

The tank is to have a 4-inch overflow pipe, with the necessary gate 
valve on the same, the overflow pipe to empty on the roof of the 
building. 

The tank is to be provided at the proper level with water-gauge con- 
nections, these connections to be of brass and the water glass to be at 
least 1 foot long, with the proper drainage and control valves on both 
the inlet and the outlet. The glass is to be of heavy steam water- 
yauge manufacture. 

This tank is also to be provided with the proper size relief valve of 
approved manufacture. This valve is to be so arranged that the pres- 
surv may be altered by means of a spring, and all parts are to be made 
of bronze. The relief valve is to be connected in a proper manner to 
the overflow pipe. 

Fron, this tank carry the proper size of supply pipe down to, and 
connect the same to the pressure tanks in, the basement. Also, this 
tank is to be cross-connected by means of a proper size galvanized- 
iron pipe above the water-line in both the pressure and the house tanks. 

This tank is also to be connected, by means of a proper size pipe, 
with the top of the fire-line, with a check-valve in the same. 

This tank is also to be connected with the proper size supply pipe 
for distributing the water through the entire building. 

This tank is also to have a ball float on the inside of the tank, the 
same to be properly connected by means of electrical connections to 
the exterior of the tank. This float is to be arranged to denote the 
level of the water, both when the tank is full and when the same is 
nearly empty, and the electrical connections are to be carried to the 


§54 PLUMBING PLANS AND SPECIFICATIONS 31 


third basement of the old building, where the same will be within easy 
access of the engineer. Also install telltale bells and arrows to 
denote above. 

House Pumps.—Furnish and erect where shown on the plans 
two 10” < 6” X 10” house pumps, the same to be driven by steam, to 
be of Worthington manufacture, and to be capable of raising 250 gal- 
lons of water per minute under a head of 250 feet. The pumpsare to be 
properly connected to the steam mains, which will be brought to this 
point by the steam contractor, and are also to be properly connected 
to the exhaust, which pipe will also be brought to this point by the steam 
contractor. The pumps are to be of the best manufacture, and are to 
have a capacity fully 25 per cent. in excess of the above requirements. 

The pumps are to be connected in a proper manner by means of 
proper size pipes to the suction tank and also to the pressure tanks, 
which are to be installed directly over the pumps. The piping isto be 
provided with all necessary check-valves and controlling valves. 

These pumps are to be set on foundations that will be furnished by 
the mason contractor, and are to be left in complete working order 
and guaranteed to perform the work required of them and are to be 
provided with all necessary petcocks, packings, holding-down bolts, 
sight-feed lubricators, etc., complete. 

The pumps will be tested as to their capacity, and the strokes must 
not exceed 100 per minute for the above work with steam pressure at 
125 pounds per square inch. 

Air Pump.—Furnish and set near the house pumps, and connect 
to the air pipe that forms the cross-connection from the pressure tanks 
to the house tank, by means of galvanized-iron pipe, one Westing- 
house automatic steam air compressor. Steam is to be taken from 
the main feeding the house pumps, and is to exhaust into their exhaust 
pipe. All feed and exhaust pipes are to be properly valved and 
dripped. The air compressor is to have its steam and air cylinders 
properly packed and provided with sight-feed lubricators and all 
necessary petcocks. The compressor is to have a capacity for raising 
the air pressure in the pressure tanks to 200 pounds per square inch 
and shall have an automatic shut-off valve to close off the steam 
when the required pressure has been reached. The compressor will 
operate under a steam pressure at the boilers of 125 pounds per square 
inch and will be tested accordingly. 

Pressure Tanks.—Over each pump, hung from the ceiling or 
supported from the floor by means of galvanized-iron pipe supports, 
furnish and erect a -inch metal pressure tank, to be 23 feet in diam- 
eter, 8 feet long, ends to be dished, all joints to be double-riveted and 
calked, all to be guaranteed air-tight and water-tight, and to be 
tested with a pressure of at least 200 pounds to the square inch; each 
tank is to be provided with the necessary flanged openings, properly 
threaded and riveted to the same, all openings are to have the necessary 
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gaskets; each tank is to be provided with a water gauge similar to 
that specified for the house tank. Each pressure tank is to be con- 
nected, as above mentioned, to the pumps, and is also to be connected 
to the supply main of the house tank, and is to be connected to the 
foot of the fire-line, and is also to be cross-connected with an air pipe 
to the house tank, as above mentioned. 

The flanges on all pipes of the plumbing work that come, or that 
join, to the flanges of pipes brought to this point by the steam con- 
tractor, are to be made strictly to match the above flanges, and this 
contractor is to make the connections between these flanges, provid- 
ing the necessary bolts, gaskets, etc. 

Suction Tank.—Furnish and set a suction tank in the floor at 
the side of the pumps. Thesame isto be square in shape, to be made 
of 33-inch steel, all joints to be double-riveted and calked, tank to be 
approximately 7 feet wide, 10 feet long, and 8 feet deep, to have cover 
riveted on the same, to have all necessary flanged openings, flanges 
to be made of cast iron, to be properly threaded, and to be properly 
riveted and calked, with all necessary gaskets and manhole and cover 
to the tank. 

Furnish galvanized-iron suction pipe from the bottom of the tank 
to the pumps, each pump being connected independently; also make 
connections from the present water supply of the old Commercial 
Cable building by means of a proper size pipe, being of the full diam- 
eter of both inlets of old building. On the end of this supply 
pipe furnish and set a valve, all portions of which are to be 
made of bronze, the same to be worked automatically by means of 
a ball float in order to shut off the supply of water when the tank 
becomes full. 

The water main feeding this suction tank is to be cross-connected to 
the suction pipes of both pumps before it enters the suction tank, and 
is to be properly check-valved. 

The supply pipe from the house tank is to be brought down full size 
tothe third basement, and is there to be connected in a proper manner 
to the piping of the present building wherever required, and is also to 
be carried full size through into the old Commercial Cable building, 
where the plumber is to make proper connections with the old water 
system in order to furnish the old building with water from the new 
house tank. 

Changing Water Mains.—The plumber is to disconnect and 
remove all the present 4-inch water mains in the present building in 
the space immediately in front of the boilers, and is to raise the mains 
to a point near the ceiling where the same will clear all steam pipes. 
In this new line the plumber is to provide and leave all necessary T’s, 
and is to cap such as are to feed the injectors to the boilers. This 
piping to the injectors is to be done by the steam contractor. All nec- 
essary T’s for cross-connection to the new building are to be left and 
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the old water mains are to be connected to the new water mains in a 
proper manner. 

Old Sump Pump.—The plumbing contractor is to disconnect 
and remove the old sump pump, which is located in the old building. 
He is to replace the same on the new foundations, which will be in a 
different situation from the present, and is to make all proper connec- 
tions between the pump and the sump pit and the pump and the dis- 
charge pipes, and the pump and the steam connections, and also the 
exhaust connections. 

All water connections other than the above are to be made in order 
that the pump may perform all operations to which it is now put. 

Old House Pumps.—The plumber is to disconnect and remove 
both of the present house-tank pumps, removing all steam, exhaust, 
and other pipe connections, the same to be delivered to the owners in 
all parts. 

Old Pressure Tank.—In the subbasement of the old building, 
the plumbing contractor is to remove the present pressure tank, the 
same to become the property of the owners; he is also to remove 
all connections to the same, making all new connections as above 
specified. 

The contractor is to run a water-line along the side wall of the boiler 
room for supply to the automatic return pumps. Remove the connec- 
tions to the present return pumps. 

Time.—All alterations to the plumbing work or other work done 
by the plumber in the present Commercial Cable building, are to be 
performed at such times and in such manner as the architects may 
direct, and in no case are these alterations to interfere with the opera- 
tion of any of the present machinery until. the new machinery has 
been placed in position and in running order, and in all respects the 
plumbing contractor is to work either day or night at such times as 
will not affect the operation of the present system, which is to be 
overhauled. 

Kitehen Fixtures.—The plumbing contractor is to run the 
connections to the kitchen fixtures of the proper sizes, but the fixtures 
and their traps are not included. The connections will be left at a 
point 6 inches above the floor line and will be capped. 

Metal for Marble.—The plumbing contractor is to furnish 
nickel-plated brass standards, angles, border strips, floor flanges, etc., 
of approved make, for the full and complete support of all marble or 
slate work in connection with the toilet room, the standards etc. to 
be 2 inches in diameter, to have all necessary screw fittings etc. 
and to be set in accordance with Plate 274 F of the Meyer Sniffen 
catalog of 1900. 

Gas Piping.—The building plans* show all pipe throughout for 
gas, with outlets as shown. All pipes shall be of the best quality 


* The plans referred to are not reproduced here. 
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heavy black iron, in no case less than 34 inch in diameter, with heavy 
malleable-iron fittings. The main is to be carried from the present 
building, down through the third basement, across into the old build- 
ing, and to a point where the gas connections enter the old building 
in the area on the New Street side. At this point this contractor is to 
install a proper size meter, with all necessary connections, and is 
to have all necessary work in their line performed by the gas company 
furnishing service. 

The pipes are to be firmly secured in position and properly drained 
to the point of entrance and provided with an emptying cock at the 
lowest point. All outlets shall be properly plugged and capped, and 
the caps left on at the completion of the work. 

All pipe is to be put together with red lead, and all is to be screwed 
up tight. 

The entire system shall be thoroughly tested with either an air 
force pump or a mercury gauge, the test to consist of a half-hour 
duration with a drop of not more than 7g inch. 

All work shall be done in conformity with the regulations of the 
city and the gas company, and shall be left perfect and satisfactory 
to the architects. All pipes are to be run to the outlet boxes of the 
electric work and are to be strongly supported to carry the fixtures. 

All gas piping is to receive one coat of red lead and oil after the 
‘same has been tested. Each story is to be valved at the floor in order 
that the same may be controlled independently, and all other necessary 
valves are to be placed on this system. 

Drawings.—The plumbing contractor is to furnish drawings 
for the approval of the architects showing all systems of piping, 
the layout of all pump work, sump, subsoil, and other work in the 
above specifications, and no work is to be performed until the 
approval of the architects has been received. The architects reserve 
the right to make any changes in the location and direction of pipes 
or fixtures as they may see fit, provided they do not change the cost 
of the work. 

Cutting and Repairing.—All cutting and repairing is to be 
done by the owner. 

In General.—All of the above testing will be done under the 
supervision of the New York Building and Sanitary Inspection Com- 
pany’s men. This is to include the water test, the test of hot-water 
and cold-water supply, and the final test, and the expense of all tests 
and also all expenses necessary to secure the certificate of approval of 
the above-named company are to be paid by the plumbing contractor. 
The certificate is to be delivered to the architects on the completion of 
the work. 

The plumbing contractor is to furnish all the above fixtures, and 
such labor and materials as may be necessary in conjunction with the 
above work to make the same complete in all respects. 


§54 PLUMBING PLANS AND SPECIFICATIONS 35 


Painting.—All the above tanks, engines, pumps, piping, etc. are 
to be painted with two coats of lead and oil paint. 

Water Closets.—All water closets are to be plain, strong, vitre- 
ous-china siphon-jet water closets, with 10-gallon round-cornered oak 
tank, with Puritan valve and Birkery ball-cock, top supply, nickel-plated 
brackets, nickel-plated link chain with solid metal pull and one-piece wall 
guide, No. 1 oak seat and cover with nickel-plated hinge, 14-inch nickel- 
plated flush pipe and adjustable offset connection, and strong brass metal- 
to-metal floor flange with flexible lead connection. All is to be approved 
by the architects. 

Wash Basins.—All wash basins are to be 15X19” oval vitreous- 
china basins with nickel-plated Vigilant waste with solid metal handle, 
nickel-plated adjustable offset trap with nipple and escutcheon, and nickel- 
plated supplies to wall, with controlling valves, and push button self- 
closing basin cocks. All is to be approved by the architects. 

Urinals.—All urinals are to be strong, vitreous-china siphon-jet 
urinals with No. 7 round-cornered oak tank, nickel-plated clover brackets, 
nickel-plated link chain with solid metal pull and nickel-plated one-piece 
wall guides, nickel-plated pipe, and nickel-plated inlet and outlet connec- 
tions. All is to be approved by the architects. 

Slop Sinks.—All slop sinks are to be of white porcelain, measuring 
20 inches by 16 inches by 12 inches, with three-quarter roll rim, with plain 
porcelain back, class B, with bronzed-iron trap standard and brass metal- 
to-metal floor flange, and 3-inch nickel-plated Vigilant compression cocks. 

Marble Work.—All marble work in connection with the water 
closets, urinals, and slop sinks herein mentioned will be done by the marble- 
work contractor. 

All marble work in connection with the above-mentioned lavatories 
is to be supplied and set by the plumbing contractor and is to be white 
Italian 14 inches thick, with molded edges and dished top, with aprons 
4 inch thick by 6 inches deep, supported on No. 1 offset nickel-plated brass 
legs, substantially as shown on Plate 110 F of the Ronalds & Johnson Co.’s 
catalog. All marble work is to be strongly secured to the walls and put 
together with plaster of Paris and brass clamps. 

All backs, end slabs, etc. will be formed by the wainscoting, except in 
offices, where back or end slabs $-inch thick by 16 inches high will be 
provided. 

Fixtures.—The plumber is to furnish and set complete the fol- 
lowing fixtures hereafter described. Unless otherwise called for, they 
are to be of the best of their respective kinds, and before final accep- 
tance, they are to be thoroughly cleaned and adjusted. In the roughing-in 
of the work care must be taken in spacing the fixtures so that they will 
make the best possible appearance when set. All exposed supply pipes 
are to be nickel-plated brass and are to be provided with nickel-plated brass 
wheel-handle controlling valves. 
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Location 


Closets |Lavatories 


Slop Sinks 


Urinals 


Sinks 


Third basement . . 
Second basement 
Main basement 
Ground floor 
First floor 
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Kitchen, scullery, and service-pantry fixtures are not included in 


this contract. 


Materials and Workmanship.—All materials and workman- 
ship are to be of the best throughout and suitable for the needs to be 


supplied. 


